The Brains of Men and Machines 


Guile? сек svsrem 


Your computer system needn’t cost a fortune. 


Some computer kits include little more than a mother board and 
a front panel, and you pay extra for everything else you need to: 
make an operating computer. 

SWTPC doesn't do it that way, so you can get your Southwest 
Technical 6800 Computer up and running at a bargain cost 
compared with most other systems. It-comes complete at $395 
with features that cost you extra with many other systems. 


The Extras You Get 

These extras include 4K of random-access memory, a 
mini-operating system in read-only memory, and a serial control 
interface. They give you 1) a considerable amount of working 
memory for your programs, 2) capability through the mini- 
operating system to simply turn on power and enter programs 
without having to first load in a bootstrap loader, and 3) an 
interface for connecting a terminal and beginning to talk with 
your computer immediately. 


Low-Cost Add-Ons 

Now that you have a working computer, you'll probably want 
to add at least two features soon, more memory and interfaces 
for needed accessory equipment. Memory for our 6800 is 
another bargain. You can get 4K memory boards for just $100 
and BK boards for only $250. 

Our interfaces cost little compared with many other systems. 


For just $35 you can add either a serial or parallel interface 
board. (And you won't have to buy several interfaces on a costly 
board to get just the one you want.) 


Peripheral Bargains 

Your computer is no good without at least a terminal for 
entering data and viewing computer output, and you will 
probably want a good method of storing programs and data. 

We offer you a line of high-quality peripherals at low prices. 
(You can prove this by just comparing prices.) 

Buy our CT-64 Video Terminal for only $325 and our CT-VM 
Monitor with matching cover for $175. Our MF-68 Dual 
Minifloppy costs just $995, complete with Disk BASIC and a 
disk operating system. For cassette storage our AC-30 
Cassette Interface gives simple control for one or two cassette 
recorders. 

You сап get inexpensive hard copy with our PR-40 Al- 
phanumeric Line Printer. 

We back up the 6800 system with low-cost software, 
including 4K and 8K BASIC. 

Compare the value you get with our computer and peripher- 
als before you buy. We think you'll find that SWTPC gives you 
more for your money in every way. 
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— $995 for the Dual Minifloppy —— $250 for the PR-40 Line Printer i h t Technical 
——— $325 for the CT-64 Terminal — ——— $79.50 for AC-30 Cassette Inferface Ц ыы = Sout шыу» 

; 1 Products Corp. 

— — $175 for the CT-VM Monitor —— OrBAC# Т Exp.Date 1 Я 

$395 for the 4K 6800 Or MC й Exp. D у 219 W. Rhapsody, San Antonio, Texas 78216 

95or the 4K 6800 Computer ететіні. хр. Date 1 London: Southwest Technical Products Co., Ltd. 

Name Address | Tokyo: Southwest Technical Products Corp./Japan 
City State Zip ! 
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TOO 
Loading your programs and files 
will tal ke you only а few seconds with 
the new Cromemco Z-2D computer, 
You can load fast because the 
Z-21 P) comes equipped with a 5" 
{оёр disk drive and controller. Each 
diskette will store up to 92 2 kilobyt (tes. 
Diskettes will also store your pro- 
grams inexpensively- much, mare so 
than with ROMs. And ever sọ much 
more conveniently than with cas- 
settes or paper tape. 
The Z-2D itself is our fast, rugged, 
p rofessional-grade Z-2 computer 
equipped with disk drive and con- 
troller You can get the Z-2D with 
either single or dual drives (dual 
shown іп photo). 
CROMEMCO HAS THE 
IFTWARE 
You can rely on this: Cromemco 
B committed to supplying quality 
ttware support. 
КР ехатріе, here's what's now 
available for our Z-2D users: 
CR OM EMCO FORI 'RAN IV COM- 
PILER: a a well-de e > 1 d power- 
ful FORTRAN that’s Ideal for scien- 
tific oduces optimized, relo- 
object code. 
EMCO. 16K DISK BASIC 
powerful pre-compiling Г Желе; 
with 14 4-digit precision a nd pa werful 
1/O handling capabilities. ? 
suited to busin less apoien 
CROMEMCO Z-80 ASSEMBLER: a 
тысы кен nbler that produces relo- 
catable object code. Uses standard 
Z-80 mnemonics. 


ти dà rofessii onal- 
,icrocomputer 
for professionals | 


Al CONTROLLER CARD 


DVANCED 
The new Z-2D is a professional 
system that gives you professional 
perform nance. 

1п the Z-2D 
known 4-MHz С PU card, the proven 
7 =2 chassis with 21-5 -slot motherb оа 


you get our well- 


and 30-amp power supply that ean 
handle 21 cards and dual floppy 
drives with ease. 

Then there’s our new disk con- 
troller card with special fe 

æ Capability AEE 4 

disk drives 
ФА disk bootstrap Monitor in a 
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The easy way to get disk storage, 
FORTRAN IV, and other programming power 


Control up to 
four 8" drives 


Here's a new disk controller and 
disk drive combination that will set 
you up for truly powerful disk storage. 

The new controller is extremely 
versatile. You can use it with either 
our new 5" single disk drive or our 
8" dual disk drive. In fact, the con- 
troller will interface up to three 5" or 
four 8" drives. 

That means you can have enor- 
mous disk storage since the new con- 
troller puts 92 kilobytes on each side 
of a 5" diskette and 256 kilobytes on 
an 8" diskette. Recording is in soft- 
sectored ІВМ format. 


FORTRAN IV AND MORE 

You can get still more Cromemco 
disk operation aids. For example, we 
also offer FORTRAN IV for our com- 
puter users. 

And as in so many things, we are 
the first manufacturer in the field to 
offer this advanced program for the 
2-80 АР. 

Besides FORTRAN IV we also offer 
our special BASIC (14-digit precision), 
our Z-80 Assembler, and now an en- 
tertainment diskette with over a doz- 
en of our Dazzler® games. 


KEYBOARD CONTROL 

The new Model 4FDC disk con- 
troller {supplied in our Z-2D) is for 
our 2-2 computer or any 5-100 bus 
computer using our 7-80 CPU card. 

You should also know about these 
other capabilities of the new con- 
troller: 


ә [ts PROM-resident Disk Operating 
System (RDOS) gives you key- 


BYTE fanuary 1978 


Control up to 
three 5" drives 


Стотетсо 4F" 


ux 


Single 5" 


disk drive disk drive 


board control of your disk drive 
and also includes a bootstrap to 
load our powerful CDOS disk 
operating system supplied on all 
Cromemco diskettes. 

е The controller will interface your 
CRT terminal through its RS-232 
serial port. May save you ап I/O, 

е thas 5 programmable interval 

timers. 

It has vectored interrupts. 

• And it has an 8-bit parallel input 
port and an 8-bit parallel output 
port. 


LOOK TO THE FUTURE 

This new disk controller equips 
you for the future as well as for now. 
Not only can you now have very 
large storage, but the features of the 
controller and the standard IBM for- 
mat protect you from early obso- 
lescence. 


Dual 8" | 


CRT terminal 
interface 


STORES/FACTORY 

This new card and the disk drives 
are in production and available. 

So contact your computer store 
or the factory today and you can have 
the power of FORTRAN IV and a 
large memory right away. 


PRICES 

Model 4FDC-K Disk Controller КЁ... $ 395 
Model 4FDC-W Disk Controller assembled ...$ 595 
Model WFD 5" single disk drive assembled ..$ 495 
Medel PFO-K 8" dual disk drive kit ......... 51995 
Model PFD-W 8" dual disk drive assembled , .$2495 

Disk drives are complete with 

power supply, case and cables. 


SOFTWARE 
Purchasers of Cromemco computers 
or drives may purchase software on 5” 
or B" diskettes as follows: 


5" 5" 
Diskette Diskette 
Model Model Price 
FORTRAN ТУ FDF-S  FDF-L $95 
2-80 Assembler FDA-S ҒрА $95 
16K BASIC FDB-S  FDB-L $95 
Dazzier9 games ЕОС-5  FDG-L $95 


im е шт ра шт E t e d 
Specialists in computers and peripherals 
2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 » (415) 964-7400 
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The compleat robotics experi- 
menter must have a thorough back- 
ground in biological models of be- 
havior and control, as noted in 
November's editorial. With this issue, 
Ernest W Kent begins the first install- 
ment of a four part series with The 
Brains of Men and Machines, Part 1: 
Biological Models for Robotics. Dr 
Kent has provided readers with a 
thoroughly understandable intro- 
duction to a number of concepts 
essential to an understanding of the 
human brain and its simulation in 
robotic mechanisms. (Page 11) 


Can the experimenter who runs a 
small computer business deduct the 
price of additional memory for the 
computer? What kind of tax records 
should the small business keep? If 
you've been thinking of opening 
your own small computer business, 
read Elizabeth M Hughes' The IRS 
and the Computer Entrepreneur for 
the answers to these and many more 
tax questions. (Page 27) 


Last month, Steve Ciarcia described 
an inexpensive 8 channel digital volt- 
meter driven by a microcomputer. 
Read Add More Zing to the Cocktail 
in this month's Ciarcia's Circuit Cellar 
and find out how to add multiple 
ranges, AC and DC input capability 
and overvoltage protection to the basic 
circuit. (Page 37) 

When designing a floppy disk inter- 
face, the experimenter is faced with 
the continuous battle of hardware 
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versus software tradeoffs. David M 
Allen’s A Floppy Disk Interface 
balances the two extremes and shows 
you how to get a floppy disk system 
up and running. (Page 58) 


Paul M Jessop explores the func- 
tional organization of The Motorola 
6800 Instruction Set showing Two 
Programming Points of View. (Page 84) 


Robert Bumpous provides A User's 
Reaction to the SOL-10 Computer 
in this issue. Learn a bit more about 
the Processor Technology computer’s 
design and assembly procedures in 
Robert's article. (Page 86) 


In what is probably the world's 
simplest such design, Walter Banks 
describes a neat hack, The Waterloo 
RF Modulator, used to convey digit- 
ally generated video information from 
a computer to a standard television 
set. (Page 94) 


Meere 


Page 108 


On a battlefield for (intellectual) 
titans, the forces of black versus white 
met recently in Toronto. Who won? 
It was the artificial intelligence ex- 
perimenters, who demonstrated their 
nonartificia! intelligence in construct- 
ing the programs entered in the 
Second World Computer Chess Cham- 
pionships, held last August during 
the IFIPS show. 16 programs met in 
logical conflict, with CHESS 4.6 con- 
quering all to win the current title. 
Turn to Peter Jennings’ article for 
a summary of the action. (Page 108) 


Іп Structured Programming with 
Warnier-Orr Diagrams, Part 2: Coding 
the Program, David A Higgins uses the 
program design completed in part 1 
and demonstrates how to efficiently 
turn a diagram into a working BASIC 
program, {Page 122) 


Continuing the discussion of mo- 
tion calculated with a personal com- 
puter, Stephen Smith’s article Simula- 
tion of Motion: Model Rockets and 
Other Flying Objects turns to the 
need for simulating angular degrees 
of freedom and components of force 
along different directions. (Page 144) 


Are you uncertain as to how basic 
arithmetic operations such as mul- 
tiplication and division are performed 
on your computer? If so, Wayne H 
Ledder’s article A Novice’s Eye on 
Computer Arithmetic may help you 
out. (Page 150) 


Using the RAECO paper tape read- 
er requires a mounting. See Jack 
Bryant's article on Mounting a Paper 
Tape Reader to see how this unit can 
be installed іп ап SwTPC 6800's 
cabinet. (Page 167) 


Building a homebrew system based 
on one of the many microprocessor 
chips available today is an interesting 
challenge. In Notes on Bringing up a 
Microcomputer, Sol Libes provides 
some general background information 
on the process of wiring and checking 
out a microcomputer based system. 

(Page 162) 


TARBELL SETS STANDARDS 
For Hobbyists and Systems Developers 


Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and 
development to produce new and efficient components іо fill hobbyists’ changing needs. 


TARBELL 
CASSETTE INTERFACE 


Plugs directly into your IMSAI or ALTAIR” 

Fastest transfer rate: 187 (standard) to 540 bytes/second 
Extremely Reliable—Phase encoded (self-clocking) 

4 Extra Status Lines, 4 Extra Control Lines 

37-page manual included 

Device Code Selectable by DIP-switch 

Capable of Generating Kansas City tapes also 

No modification required on audio cassette recorder 
Complete kit $120, Assembled $175, Manual $4 


TARBELL FLOPPY DISC INTERFACE 


* Plugs directly into your IMSAI or 

ALTAIR' and handies up to 4 

standard single drives in daisy- 

chain. 

Operates at standard 250K bits 

per second on normal disc format 

capacity of 243K bytes. 

* Works with modified CP/M 
Operating System and BASIC-E 
Compiler. 

* Hardware includes 4 extra IC 
slots, built-in phantom bootstrap 
and on-board crystal clock. Uses 


WD 1771 LSI Chip. 
* 6-month warranty and extensive 
А ао, Compatible Disc Drives 
Kit $190 ...... Assembled $265 Ask about our disc drives priced as low as $525. 


* Gold plated edge pins 

е Takes 33 14-pin ICs or 

е Mix 40-pin, 18-pin, 16-pin and 
14-pin ICs 

е Location for 5 volt regulator 

е Suitable for solder and wire wrap 

* ALTAIR/IMSAI compatible 
Price: $28.00 


TARBELL 
PROTOTYPE 
BOARD 


Model 1010 


For fast, off the shelf delivery, all Tarbell Electronics products may be purchased from computer store dealers 
across the country, Or write Tarbell Electronics direct for complete information. 
“ALTAIR is a trademark / tradename of MITS, Inc. 


20620 South Leapwood Avenue, Sulte P 
^' Carson, California 90746 


(213) 538-4251 


Circle 105 on inauiry card. BYTE January 1378 


Editorial 


What Is This 
Phenomenon 
Personal 
Computing? 


Articles Policy 


BYTL is cuntinually seeking quality 
manuscripts written by individuals who 
are appiving personel computer systems, 
designing such systems, or who hove 
knowledge which will prove useful to 
our readers, For а more formal descrip- 
tían of procedures and requirements, 
potential authors should send a self- 
oddressed, stamped envelope to BYTE 
Authors‘ Guide, 70 Moin St Peter- 
borough NH 03458, 

Articles whith ate accepted ure 
Purchased with u rate of up ta $50 per 
magazine page, based on technical 
quality and suitability tor BYTE's 
readership. Each month, the uuthors 
of the twa leading articles in the reader 
poll (BYTE's Ongoing Monitor Box or 
"BOMB") are presented with bonus 
checks of $100 and 850, Unsolicited 
materials should be accompanied by full 
name and address, us well as return 
postage. В 


By Car! Helmers 


People newly acquainted with the 
personal computer concept often are baffled 
by the idea, What does it mean to have and 
use a personal computer? Why are such 
computers all of a sudden becoming a 
prominent technological feature of our 
culture? іп posing these questions and 
writing a short essay on the subject, a key 
purpose is to provide a brief overview and 
summary of personal computing for our 
newer readers, an exercise which it is neces- 
sary to perform from time to time. But the 
same exercise helps me to review and get a 
perspective on what is happening, and will, 
| hope, serve readers familiar with the field 
as an opportunity for reflection upon the 
marketplace as it is seen today. 

The very fact that | even have to take 
into account the existence of new readers 
is a revealing statement about the nature of 
the growth which has occurred in this field: 
when BYTE magazine was started by me, 
my partner Virginia Peschke and several 
associates in mid-1975, the starting point 
was essentially zero—the 250-odd subscribers 
to a newsletter technical publication | had 
been publishing for about a year. Now, as 
the 29th monthly issue of BYTE magazine 
goes to press, the November 1977 issue has 
just been delivered to over 105,000 people 
by subscription or sales in over 600 com- 
puter stores. As nearly as we can tell, we are 
still in the exponential growth stage of our 
circulation and have by no means saturated 
the prospects for interested readers. But this 
is only a reflection upon the industry as a 
whole. We could not support such a large 
circulation if it weren't for the fact that 
there is a large and active group of manu- 
facturers who are producing and selling the 
products which our readers need and use 
as personal computing oriented people. 
Why? 

Ours is a culture of the mind. Western 


So What Is the Current Personal Computer User Like? 


Scheduled for mailing January 15 1978 is a new BYTE reader 
survey. Approximately 5000 readers selected at random from our 
subscription mailing list in December will receive a detailed question- 
naire concerning numerous aspects of personal computer use and 


enjoyment, as well as normal demographic data. A summary of the 
statistics from this survery will be published in BYTE after the analy- 
sis is completed (as was done last year). If your name is picked, we'd 
appreciate your response to the survey, in the interest of creating 
an accurate statistical record of what is happening and has happened іп 
this field. 
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civilization's most prominent characteristic 
is that it salutes the individual thinking 
being (and indeed its generalizations to any 
sentient beings which may exist in the 
universe). The individual human mind is the 
temple from which all the appurtenances of 
modern civilization spring. Our market 
oriented civilization, more than any other, 
tends to recognize and promote the pro- 
ducts of the individual thinker, whether 
engineer, novelist, scientist, manager, 
student, capitalist, lawyer or a host of other 
specializations. To think is the standard 
human mode of operation, a part of the 
built-in equipment which has evolved in 
the species Homo sapiens. 

The fact that humans have personal 
values and resultant emotions and feelings 
is in no way inconsistent with this descrip- 
tion of humanity. If | know joy at some 
aspect of living, the fact that | can perceive 
such is often enhanced, if not made possible, 
by the operation of my mind. If | know 
Sorrow at some other aspect of living, the act 
of knowing is made possible by the oper- 
ation of my mind. And of course, | gener- 
alize this: | am not the only active being 
on this planet. Every one of the readers of 
this essay is a unique variation on a similar 
theme. [nto this milieu of a culture which 
celebrates and promotes individual achieve- 
ment as a way of life springs an achieve- 
ment of numerous individuals working in 
concert, the modern large scale integrated 
circuit, the computer on a chip. The result 
is today's real life version of what might 
have been a science fiction scenario in past 
decades. 

The human mind from which this 
achievement springs is a portable, fairly 
efficient, and quite remarkable thinking 
machine, a product of countless millennia 
of evolution where the guiding standard has 
been success as an organism in a complicated 
environment. The human mind is intricately 
involved with the phenomenon which is the 
computer as we know it in this culture: the 
computer is a genuine manifestation of a 
hard to define science fiction concept, the 
"thought amplifier." As a practical reality, 
it involves no technological extensions of 
biology, no mystical force fields, not one 
iota of built-in enmity for humans. The 
computer in all its uses is nothing more than 
an extension of the mind of its user. The 
programs which we all put into our com- 
puters are crystallizations of our own 
thought processes in a form which can be 


Continued on page 142 


Look To The North Star HORIZON Computer. 


HORIZON ™— a complete, high-performance microprocessor 
system with integrated floppy disk memory. HORIZON 15 
attractive, professionally engineered, and ideal for business, 
educational and personal applicaticns. 


To begin programming in extended BASIC, merely add a CRT 
or hard-copy terminal. HORIZON-1 includes a Z80A processor, 
16K RAM, minifloppy™ disk and 12-slot S-100 motherboard 
with serial terminal interface — all standard equipment. 


WHAT ABOUT PERFORMANCE? 

The Z80A processor operates at 4MHZ — double the power of 
the 8080. And our 16K RAM board lets the Z80A execute at 
full speed. HORIZON can load or save a 10K byte disk program 
in less than 2 seconds. Each diskette can store 90K bytes. 


AND SOFTWARE, TOO 

HORIZON includes the North Star Disk Operating System and 
full extended BASIC on diskette ready at power-on. Our BASIC, 
now in widespread use, has everything desired in a BASIC, in- 
cluding sequential and random disk files, formatted output, a 
powerful line editor, strings, machine language CALL and more, 


EXPAND YOUR HORIZON 

Also available — Hardware floating point board (FPB); addi- 
tional 16K memory boards with parity option. Add a second 
disk drive and you have HORIZON-2. Economical serial and 
parallel 1/О ports may be installed on the motherboard. Many 
widely available S-100 bus peripheral boards can be added to 
HORIZON. 


QUALITY AT THE RIGHT PRICE 
HORIZON processor board, RAM, FPB and MICRO DISK SYS- 
TEM can be bought separately for either Z80 or 8080 S-100 bus 
systems. 
HORIZON-1 $1599 kit; $1899 assembled. 
HORIZON-2 $1999 kit; $2349 assembled. 


16K RAM — $399 kit; $459 assembled; Parity option $39 kit; $59 
assembled. FPB $259 kit; $359 assembled. Z80 board $199 kit; 
$259 assembled. Prices subject to change. HORIZON offered 
in choice of wood or blue metal cover at no extra charge. 


Write for free color catalogue or visit your local computer store. 


NORTH STAR Ж COMPUTERS 
2465 Fourth Street « Berkeley, California 94710 * (415) 549-0858 
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Introducing Apple II. 


You've just run out of excuses 
for not owning a personal computer. 


Clear the kitchen table. Bring cassette interface, so you can swap 


in the color TV. Plug in your new 
Apple П* and connect any standard 
cassette recorder/player. Now you're 
ready for an evening of discovery in 
the new world of personal computers. 
Only Apple II makes it that 
easy. It's a 


vn ready to use computer, not a 
kit. At $1298, it includes video pgs 
phics in 15 colors. It includes 8K bytes 
ROM and 4K bytes RAM —easily 
куШ to 48K bytes using 16K 
Ms (see box). But you don’t even 
need to know a RAM froma ROM to 
use and enjoy Apple II. For example, 
it's the first personal computer with 
a fast version of BASIC permanently 
stored in ROM. That means you can 
begin writing your own programs the 
first evening, even if you've had no 
previous computer experience. 

The familiar typewriter-style 
keyboard makes it easy to enter your 
instructions. And your programs can 
be stored on—and retrieved from— 
audio cassettes, using the built-in 


with other Apple II users. 

You can create dazzling color 

displays using the unique color a 

hics commands in Applé BASIC. 

rite стара programs to display 
beautiful kaleidoscopic designs. Or 
invent your own games. Games like 
PONG —using the game pue 
supplied. You can even add the dimen- 
sion of sound through Apple П 

built-in speaker. 

But Apple П is more 
than an advanced, infinitely 
flexible game machine. Use 
it to teach your children 

arithmetic, or spelling 
for instance. Apple II 
makes learning fun. 
Apple II can also 
manage household finances, 
chart the stock market or 
index recipes, record collections, even 
control your home environment. 

Right now, we're finalizing a 
peripheral board that will slide into 
one of the eight available mother- 
board slots and enable you to compose 
music elec- 
tronically. 
And there 
will be other 
peripherals 
announced 
soon to 
allow your 
Apple II to 
talk with another Apple II, or to inter- 
face to a printer or teletype. 

pple П is designed to grow 
with you as your skill and experience 
with computers grows. It is the state 
of the art in personal computing today, 
and compatible ш Pe and peri- 
mee will keep Apple II in the fore- 
ont for years to come. 

rite us today for our detailed 
brochure and order form. Or call us 
for the name and address of the 

A ре II dealer nearest you. (408) 
996-1010. Apple Computer Inc., 
20863 Stevens Creek Boulevard, 
Bldg. B3-C, Cupertino, 
ifornia 95014. 


Apple II" is a completely self-contained 
computer system with BASIC in ROM, 
color graphics, ASCII keyboard, light- 
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 48K bytes of 
RAM, and with cassette tape, video and 
game I/O interfaces built-in. Also in- 
cluded are two game paddles and a 
demonstration cassette. 


SPECIFICATIONS 

* Microprocessor: 6502 (1 MHz). 

* Video Display: Memory mapped, 5 
modes —all Software-selectable: 

“ Text—40 characters/line, 24 lines 
upper case. 

* Color graphics —40h x 48v, 15 colors 

“ High-resolution graphics —280h x 
192v; black, white, violet, green | 
(12K RAM minimum required) 

* Both graphics modes can be selected 
to include 4 lines of text at the bottom 
of the display area. 

* Completely transparent memory 
access. All color generation done 
digitally. 

е Memory: up to 48K bytes on-board 

RAM (4K supplied) 

* Uses either АК or new 16K dynamic 
memory chips 

* Up to 12K ROM (8K supplied) 

е Software 

* Fast extended integer BASIC in ROM 
with color graphics commands 

* Extensive nionitor in ROM 

4/0 

“ 1500 bps cassette interface 

- 8-slot motherboard 

* Apple game I/O connector 

* ASCII keyboard port 

* Speaker 

- Composite 
video 


Apple П is also 
available in board-only 
form for the do-it-yourself hobbyist. Has 
all of the features of the Apple II system, 
but does not include case, keyboard, 
power supply or game paddles. 


PONG is a trademark of Atari Inc. 


*Apple П plugs into any standard T V using 
an inexpensive modulator (not supplied). 


ЕР А : 
. apple computer inc. 


Order your Арріе now. 


from any one of the following authorized dealers: 


ALABAMA 


Computerland 
2020 University Oi. ү М 
Huntsville 539-1200 


The Computer Center 
303 B. Poplar Place 
Birmingham 942-8567 
ALASKA 

The Alpha Corporation 
100 W. Int'l Airport Rd. 
Anchorage 279.1316 
Team Elacironics 
Anchorage 276-2923 
Anchorage 272-4823 
Fawbanks 456-4157 


ARIZONA 
Byte Shop 
Tempe 894-1129 
Phoenix 942-7400 
Tucson 327-4576 


CALIFORNIA 


A. VIDD Electronics 
2210 Bellliowar Road 
Long Beach 598-0444 


Byle Shap 

Curus Heights 961-2983 
Раю Allo 2278080 
Pasadena 684-3313 
бап Јове 377-4685 
San Mateo 341-4200 
Santa Шаға 249-4221 
Мајти Creek 932-6252 
Computerland 

El Cerrita 233-5010 
Hayward 538-6080 
Inglewood 276-9080 
Mission vieo 770-0131 
San Diego §60-9912 
San Francisco 546-1592 
Thousand Oaks 495-3554 
Тизип 544-0542 
Compuler Components 


5848 Sepulveda Blvd , 

Мап Nuys — 7Bo-74 1 
Comauler Country 

506 E. tst. St. 

Tustin 638-4770 
Computer Playground 
6789 Westminster Avenue 
Wesiminster 898-8330 
Computer Store 

1093 Mission SI. 

San Francisco — 431-0640 
The Computer Store 

820 Broadway 

Santa Monica 451-0713 
Eleciric Brain 

3038 М Cedar Ave. 

Fresno 227-8479 

Home Entertainment Emporium 
2100 Sepulveda Віма. 
Manhattan Beach 546-2501 
Rainbow Computing, Inc. 
10723 White Oak 

Granada Hills 360-2171 
Strawberry Electronics 

71 Glenn Way #9 

Belmont 595-0231 
COLORADO 

Byte Shop 

54645 Acoma St. 
Englewood 761-6232 
Team Elecironics 

Boulder 447-2368 
Colorado Springs 596-5566 
Fort Collins 484-7500 
Grand Junctian 245-4455 
Gresley 356-2800 
Longman 772-7800 
Pueblo 545-0703 


CONNECTICUT 
Camputerland 

2475 Black Rock Turnpike 
Fairfield 374-2227 

Tha Computer Store 

635 Main St. 

Windsor Locks 627-0188 


DELAWARE 
Computertand 
Kirkwood Highwa' 
Newark 736-9656 
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FLORIDA 

Byte Shop 

Н. Lauderdale 551-2983 
Miami 264-2983 


GEORGIA 

DataMart. ‘nc. 

3001 H. Fulton Drive 
Allanta 233-0532 
HAWAII 

Real Share 

190 S. King Street #890 
Honolulu 536-1041 
ILLINOIS 
Computerland 

Arlington Heights 255-6488 
Niles 967-1714 
Oaklawn 422. 8080 


рага Dom: 
1612 E poem Rd. 
Shaumburg 397-8700 


Шу Білу Machine Company 
1316 Chicago Avenue 
Evanston 328-6800 


Team Electronics 
Carpentersville 428-6474 
Decatur 877-2774 
Galesburg 344-1300 
Moline 797-8261 
Peoria 692-2720 
Rock island 788-9595 
Rockford 300-2577 
Schaumburg 882-5864 
Springfield 525-8637 
INDIANA 

The Data Domain 

Fort Wayne 484-7611 
Bloomington 334-3607 
Wesi Lalayette 743-2054 
Indianapolis 251-3138 
The Home Computer Center 
2115 E. 62nd 5t. 
Indianapolis 251-8900 
IOWA 

The Computer Store 
4126 Brady 51, 
Davenpoit 386-3330 
Team Electronica 
Ames 239-7708 
Bettendori 355-7013 
Cedar Rapids 393-8958 
Davenpon 386-2588 
Dubuque 583-9195 
lowa City 338-3681 
Sioux City 252-4507 
Sioux City 277-2019 
Waterloo 235-6507 
Video Midwest, Inc. 
2212 Ingersoll Ave. 

Das Moines 244-1447 
KANSAS 

Barney & Associates 
425 M. Broadway 
Pittsburg 231-1970 
Team Electronics 
Garden City 276-2911 
Hutchinson 682-0632 
Lawrence 841-3774 
Manhatian 539-4636 
Salina 827-9364 
Topeka 287-2200 
Wichita 685-8826 
Wichita 942-1415 
Wichita 682-7550 
KENTUCKY 
Computerland 

813 B. Lyndon Lane 
Louisville 425-8308 
Tha Data Domain 
Lexington 233-3346 
Louisville 456-5242 
MARYLAND 
Computerland 

+6065 Frederick Road 
Rockville 948-7676 
Computers, elc. 

134 Allegheny Ave. 
Towson 874-4742 


MASSACHUSETTS 
The Compuler Store, Inc 
126 Gambie Street 
Burlington 272-8770 
MICHIGAN 

Team Electronics 
Escanaba 786-3911 
Menominee 854-2213 
MINNESOTA 

Team Electronics 
Minnetonka 544-7412 
Edina 920-4817 
Eden Prairie 941-8901 
Вато 751-7880 
Willmar 235-2120 
St Cloud 253-8326 
Owatonna 451-7248 
Hibbing 263-8200 
Yerginia 741-5919 
51. Anthony 789-4358 
West St. Рам 451-1765 
Minneapohs 277-9840 
St Paul 227-7223 
St. Cloud 251-1335 
Minneapolis 889-3288 
Minneapolis 378-1185 
Maplewood 777-3737 
Mankato 387-7937 
Eveleth 749-8140 
51 Paul 636-5147 


MISSOURI 


Electronic Components, ІШІ. 


1306-8 South Hwy 63 
Columbia 443-5725 


Team Eleclromcs 
Biscayne Mall 

301 Stadium Віма, 
Columbia 445.4496 
МОМТАМА 


Computers Made Easy 
415 Morrow 
Bozeman 586-3065 


Team Electronics 
Greal Falls 852-3281 
Missoula 549-4418 
NEBRASKA 

Team Electronics 
Grand Isand 381-0559 
Ипер 435-2959 
Штаһа 397-1666 
Omaha 332-2100 
Horak 378-1161 
North Platte 524-4645 


NEW HAMPSHIRE 


Computerman 
170 Main Street 
Nashua 883-2386 


NEW JERSEY 


Computerland 

2 De Hart Streel 
Morristown 520-4077 
Compulermart 

501 Route 27 

Fselin 283-0600 


NEW YORK 
Comauterland 
Bulfalo 836-6511 
Whaca 277-4888 


Computer Mart of N.Y. 
118 Madison Ave, 
New York 686-7923 


Co-op Electronics 
8148 Main Street 
Clarence 634-2793 
NORTH CAROLINA 


Byle Shop 
1213 Hillsborough St. 
Raleigh 833-0210 


Computer Room 
1729 Garden Terrace 
Charlotte 373-0875 


Roms & Ram 

Crablree valley Mall 
Raleigh 781-0002 
NORTH DAKOTA 
Team Electronics 
Bismarck 223-4546 
Fargo 282-4562 
Grand Forks 746-4474 
Minot 852-3281 
Willestan 572-7631 


OHIO 


Computerland 
1304 SOM Canter Rd. 
Mayheld Heights 461-1200 


Tha Dala Domain 
Daylon 223-2348 
Cincinnati 581-8732 


OKLAHOMA 


Bits, Bytes & Micros 
1186 М. MacArthur Вуй. 
Oklahoma City 947-5646 


High Technology 

1020 W. Wilshire Blvd. 
Oklahoma Cily 843-9587 
Team Electronics 
Norman 329-3456 
Oklahama Сиу 634-3357 
Oklahoma City 848-5873 
Shllwater 377-2050 
Tulsa 639-4575 

Tulsa 252-5751 

Yokon 373-1994 
OREGON 

Taam Electronics 

Bend 389-8525 

Canby 268-2539 
Salem 964-3278 


PENNSYLVANIA 
Computer Mart of PA 
Route 202 

King of Prussia 265-2580 
SOUTH DAKOTA 
Team Elecironics 
Piarre 224-1881 
Rapid City 943-8363 
Sioux Falls 336-3730 
Sioux Falls 339-1421 
Sioux Falls 339-2237 
Watertown 886-4725 


Cupertino, California 95014 
(408) 996-1010 


EURAPPLE 


TEXAS 


Byte Shop 
3211 Fondren 
Houston 977-0664 


Compulerland 
Houston 997-0909 
Austin 452-5701 


Computer Shops. Inc. 
13933 North Central 
Dallas 234-3412 


The Computer Shop 
6612 San Pedro 
San Antonia 828-0553 


Computer Terminal 
2101 Myrtle St 
El Paso" 532-1777 


The KA Computer Store 
1200! Majesty Drive 


VIRGINIA 


The Computer Hardware Store 
818 Franklin 51 
Alexandria 548-8085 


Home Computer Genlar 
Virginia Beach 340-1077 
Newport News 595-1955 
Tamberville Elecironics 


0, Box 202 
Timberville 896-8926 


WASHINGTON 

Team Electronics 

423 W. Yakima 

Yakima 453-0313 
WASHINGTON, D.C. 
Gerogetown Computer Store 
3286 M 51. N 


Washington, bi С. 382-2127 


WISCONSIN 
Team Electronics 
Eau Ciare 934-0308 
Eau Сізіге 894-1088 
Madison 244-1339 
Milwaukee 461-7800 
Racine 554-8505 
Sheboygan 458-8781 
Greendale 421-4300 
Rhinelander 389-3900 
laGrosse 788-2250 
Wausau 842-3264 
Milwaukee 672-7600 
Janesville 756-3150 
Manitowoc 684-3393 
Miwaukeg 354-4880 
Oshkosh 233-7050 
WYOMING 


Team Electronics 
Mrd Shopping Center 
207 5. Montana 
Casper 235-5691 


CANADA 


Future Byle 
2274 Rockland 
Montreal, Que. 731-4638 


AUSTRALIA 


Computerland 
52-58 Clarence St 
Sydney, NSW — 29-3. 153 


appic computer inc. 


10260 Bandley Drive 


European Operations of Apple Computer, Inc. 
2031 Byron Street 
Palo Alto, CA 94301 
(415) 964-7020 
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The Brains of Men and Machines 


Part 1: Biological Models for Robotics 


Ernest W Kent, Associate Professor 

Dept of Psychology 

The University of Illinois at Chicago Circle 
Chicago IL 60680 


The idea of a machine that thinks like a 
man has always fascinated us. If we talk 
about substantial improvements in processor 
design, it is relegated to a few technical 
journals, but if we talk about robots, or 
write stories about computers with person- 
alities, or make movies about HAL, everyone 
gets interested, and computer buffs stay up 
all night trying to figure oul how to make 
their machines behave like that. An artificial 
"intelligence," in the sense in which we 
apply that term to our own thought 
processes, has been a recurring theme dating 
back to antiquity, despite the fact that no 
such machine has ever existed. | don't know 
why this is so, perhaps it springs from a 
desire to understand our own thoughts, or 
perhaps the human race is just lonely. We 
keep hoping for dolphins and Martians to 
start talking to us too. Whatever the reason, 
the idea is a potent one, and an enduring 
source of interest. 

Why then don't we build computers that 
think like men? Well, people have certainly 
tried, and some very elegant software has 
been created towards that end, but the 
results have always been frustratingly 
limited. You have all heard the old adage 
that a computer to equal the human brain 
would require a machine the size of the 
Empire State Building with the electrical 
oulput of Niagara Falls to power it, but that 
was always just an excuse, Aside from the 
fact that whoever coined that notion didn't 
have any idea of what a brain-like computer 
would require, the fact is that we would 
have built it anyway, if we'd known how. 


Moreover, when that guess was made, we 
were making computers out of 12A X7s, and 
it's a long way from the 12AX7 to the 2-80. 
We would certainly build that machine 
today, if we knew how. What then is the 
problem? Our big fast machines can do 
elegant and complex mathematics, cven 
proofs, far beyond our own powers, yet we 
have the greatest difficulty making them 
display even the slightest degree of common 
sense. The System 370 can do amazing 
things with numbers, but it wouldn't have 
the intelligence to duck if you swung a club 
at it. A frog could do better at dealing with 
its environment. 

| assure you that the problem has nothing 
to do with any mysterious properties of the 
brain. If we have learned anything about the 
brain, it is that it is a machine. A complex 
machine to be sure, but a machine nenethe- 
less. This notion frequently upsets people; 
they are bothered by the suggestion that 
they might be "only a machine." | think 
that this is the wrong interpretation. The 
stalement that the brain is a machine does 
not mean that it is “оліу” a machine in the 
sense of the simple machines of limited 
ability that we have produced, Rather, it is a 
statement that exlends our concept of what 
a machine can do. It does not denigrate what 
the brain can do. Of course, it raises the 
possibility that we can design a machine that 
thinks like a man, with all of the attendant 
problems of philosophy and theology that 
that raises. 

Опе could rake refuge in the notion that 
brain and mind may somehow be different, 
but the evidence is that when the brain is 
manipulated experimentally, all of our 
mental processes, our sensalions and percep- 
tions, our feelings and emotions, our in- 
tellectual processes, our memories, even our 
states of consciousness are manipulated too. 
The evidence suggests that this manipulation 
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is predictable and occurs in the same fashion 
in all individuals, 

Why are we having so much trouble 
making our computers behave in brain-like 
fashions if both are machines and both 
information processing machines at that? | 
think the answer is that we arc trying to 
make a wrench do a screwdriver's job. What 
| mean is that while all information proc- 
essing machines may theoretically be capable 
of imitating all others, Turing didn't say that 
all had to be built to handle all problems 
with equal ease. In point of fact, the brain's 
architecture is quite different from that of 
computers as we customarily build them, 
and different in ways that are very instruc- 
tive with regard to the problem of building a 
"thinking machine." 

The brain and the computer have both 
developed in an evolutionary manner, with 
"survival of the fittest" determining what 
features were retained and what were dis- 
carded. The differences in their designs arise 
from the fact that nature and computer 
engineers have different notions of what 
constitutes "fittest." There are two aspects 
to this difference: the nature of the prob- 
lems the machine is required to solve, and 
the nature of the hardware available to build 
the machine. The successful brains, the ones 
whose genes contributed to the next genera- 
lion, were the ones that had good designs for 
solving problems like recognizing and avoid- 
ing dinosaurs, and recognizing and catching 
frogs. Ability at higher mathematics was 
never a very important criterion іп deter- 
mining successful brain design, and our poor 
brains get quickly strained when they're 
required to do much of it. Computer design 
was judged from the beginning in terms of 
its success at mathematical function, and as 
a result they are very good at it, but very 
bad at catching frogs. 

The kind of hardware available to com- 
puter engineers and to organic evolution was 
also different, and in part determined the 
differences in architecture of successful 
brains and computers. Although the logic 
gate and the neuron have a great deal in 
common as we shall sce, some of their 
differences turned out to have far-reaching 
consequences. The brain never had speed on 
its side, neurons operate in milliseconds not 
nanoseconds, but it never lacked for quan- 
lity, (You want million bit bytes and ten 
thousand legged gates? Sure, how many 
trillion?) The computer engineers on the 
other hand were limited in quantity by the 
expense and difficulty of assembly of their 
components, which dictated designs that 
were hardware conservative. This was com- 
pensated by using the speed of electronic 


components to substitute for quantity. 
Thus, our computers emphasize small bytes 
and few registers, but achieve high data 
thruput with iterative reuse of these 
components at great speeds. Bus oriented 
design and other hardware conservative 
adaptations arise from these same 
considerations, 

In contrast, parallel multiprocessor de- 
signs with hierarchical organization, which 
the brain uses with wild abandon, are only 
seen in the most primitive form in our 
current computers and computer networks. 
The brain also has по compunctions about 
freely mixing digital and analog computing 
elements, using each to best advantage where 
needed. Thus, the brain and the computer 
have each found a design best suited to the 
problems they are required to solve and the 
hardware available, albeit big brains can do 
some computer-like functions, poorly; and 
big computers can do some brain-like func- 
tions, poorly. 

Curiously enough, both the brain and the 
computer seem to have settled on a single 
basic organization whether the device is large 
or small. We all know how a computer works 
in principle, although different machines 
differ in detail. The processor, the bus, the 
clock, memory, the IO interface, all are 
arranged according to the same basic plan in 
large machines and small. Similarly, the 
brain of the white rat in my laboratory is of 
the same design, basically, as the brain 
reading this page. АП the same parts are 
included in both, and hooked up in the same 
way. The differences are in capacity and 
relative development of the parts. Brains are 
even more similar to one another than 
computers, 

What | am suggesting is that the com- 
puter has developed an architecture that is 
optimized for logical and mathematical 
problems, but that that is noL an optimal 
architecture if the problem is to display 
basic common sense, whether it can do 
Fourier transforms or not. Thus, our 
machines as presently configured are terribly 
inefficient at the kinds of problems brains 
solve easily, and prodigious feats of program- 
ming, vast amounts of memory and all the 
speed that can be mustered give us only Ihe 
most trivial results. 

| am not going to suggest that we try to 
build a hardware replica of the brain. We 
don't have the hardware or the knowledge 
yet. | would like to suggest however that if 
we arc interested in approaches to a science 
of robotics, it would be very instructive to 
examine the only model of an intelligent 
machine that is available to us, and to try 10 
identify principles of operation that could 


Is your career growing 
as fast as ours? 


МЕТ SALES 2547 
(Millions of Dol.ars) 


1973 1974 1975 1976 1977 
(1977 Fiscal Year) 


New Products Engineers 
(Analog and Digital) 

Your responsibilities will in- 
clude new product introduction 
of state-of-the-art processors, 
peripherals and controllers to 
our Systems Integration Divi- 
sion. A BSEE degree or the 
equivalent is required with a 
minimum of 3 or more years of 
related experience. 


Diagnostic Programmers 
You will design, code and 
debug assembler language 
programs for fault isolation, to 
the chip level, in digital sys- 
tems. You will also write func- 
tional level system exercisers 
for stand-alone and disc-based 
real-time operating systems. 
A technical degree or the equiv- 
alent experience is needed, 
together with a thorough under- 
standing of digital system 
hardware. Hardware trouble- 
shooting experience and 3 or 
more years' programming 
experience, preferably in 
diagnostics is very desirable, 
especially with strong assembly 
language skills. 


To apply for one of the 
above positions mail your 
resume to Tom Aldrich. 


Test Engineers 

You will be responsible for 
PCB test engineering support 
for digital products such as 
CPU's, memories and options. 
Experience is required in 
solving engineering problems 
as they relate to test equipment, 
diagnostics, test philosophy 
and component fault isolation. 
You will also initiate and imple- 
ment improvements to the 
testing process and equipment, 
and provide coordination for 
the introduction of new prod- 
ucts into production. A BSEE 
degree and two or more years' 
experience in PCB test or 
Test Equipment Design. 


Manufacturing 
Engineers 

You will be responsible for 
providing floor support in the 
PCB assembly area. А BSME, 
BSIE or the equivalent with 
3years experience in Manufac- 
turing Engineering is required. 
A knowledge of auto-insertion 
equipment assembly technique 
and soldering equipment is 
helpful. 


To apply for one of the 
above positions mail your 
resume to Rene Santini. 


1973 1974 1975 


EARNINGS PER SHARE 
(іп Dollars] 


2 88 


1976 1977 


“Adjusted fo reflect a 3-for-1 stock split effected inthe 
form of a 200%. stock dividend declared in February 1973. 


Senior Systems 
Technicians 

This position requires at 
least 3 years’ experience, mini- 
mum, and an ASEE degree or 
its equivalent. Your background 
should include familiarity with 
CPU memory, moving head 
disks and related peripherals. 


Special Systems 
Technicians 

You will be working closely 
with the Special Systems Engi- 
neering Department in the 
design of non-standard com- 
puter products. A minimum of 
3 years' experience and an 
ASEE degree or its equivalent 
IS necessary. 


To apply for one of the 
above positions mail your 
resume to John Prendergast. 


Data General Corporation, 
Route 9, Southboro, MA 
01772. Data General is an 
equal opportunity employer, 
M/F. 


6% DataGeneral 
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Figure 1: The parts of the neuron, the brain's basic “gate.” Flow of information through this 
gate is roughly from feft to right. Outputs are digital pulse streams transmitted through the 
axon and its branches to inputs of other neurons. Inputs are signals from other axons, which are 
summed by an analog process which weights various sources and fires an output pulse when a 


threshold is reached, 


be put to good use with the kinds of 
hardware that we do have. This is a parti- 
cularly appropriate time for such an exer- 
cise, since the hardware revolution has freed 
us to a degree from some of the original 
constraints upon computer design, and the 
growth of the computer hobby community 
has provided us with a group of cager 
experimenters who don't have a large invest- 
ment in standard approaches, or a require- 
ment to produce commercially useful 
business machines. Finally, our under- 
standing of the operation of the brain has 
undergone something of a revolution in the 
last ten years, and we are in a much better 
position to discern the outlines of its archi- 
tecture than we were when the computer 
was born. The time is right, the means arc at 
hand, all we need are the geniuses in the 
basement workshops. 

| am not going to tell you how to build a 
machine to work like a brain, because | 
don't know how. What | propose to do is to 
tell you, in terms of computer concepts, 
how a brain works. You supply the ideas 
from there. It is generally very difficult to 
explain brain operation to the layman, be- 
cause he doesn't have the necessary concepts 
readily available. | have found, however, that 


it is very easy to explain brain operation to 
computer people because it can be translated 
into terms and concepts with which they are 
already familiar. If you can understand 
digital and analog electronics, you can 
understand in principle, if not in detail, how 
your brain works. You don't have to under- 
stand neurophysiology, neuroanatomy, 
neuropharmacology, and physiological 
psychology. (Well, maybe a little bit, but I'll 
try to keep it painless.) 

First, you have to get a picture of the 
basic unit of brain structure. This is called a 
neuron, It is a cell like all the others in your 
body, but it is specialized for information 
processing. You can think of it as perform- 
ing much the same function as a logical gate 
in a digital machine, or an operational 
amplifier in an analog machine. In fact, it is 
a very versatile device and can do either or 
both jobs. The brain uses neurons, billions 
and billions of them, to do everything it 
does. Let's look at the diagram of a neuron 
ін figure 1. The output of the neuron 
appears on the long thin part labeled axon. 
Think of the axon as a wirc. The brain uses 
them for transmitting information over dis- 
tance. The difference is that this wire trans- 
mits only pulse streams, not DC levels. It's a 
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Figure 2: Ап equivalent circuit for the neuron, illustrating some of its important properties as an analog and digital device. This 
model should be compared to the information in figure 1. 
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digital wire. All the pulses are always the 
same height and duration, and can be 
thought of as binary bits. Only ones and 
zeros are allowed, Now look at the part 
labeled axon hillock, That's like a Schmitt 
trigger. It puts a pulse on the axon whenever 
the analog voltage in the part labeled cell 
body crosses a preset threshold value. When- 
ever this occurs, the voltage in the cell body 
is reset to the baseline or initial value. This 
cell body voltage is raised toward the 
Schmitt trigger's threshold, or dropped 
away from it, by the action of pulses 
impinging on the cell body from the axons 
of other neurons, The place where an axon 
meets a cell body is called a synapse, and it 
only transmits in one direction. Think of it 
as a diode. Now a synapse may be positive or 
negative, That is, a pulse at a given synapse 
may either add to or subtract from the cell 
body voltage. This is a function of which 
synapse receives the input, not the nature of 
the pulse (just like the little inversion circles 
on logic gate inputs). Remember however 
that the voltage in the cell body is an analog 
voltage and is performing an algebraic sum 
of the inputs. Moreover, the inputs may have 
different weights. The ones furthest from 
the axon hillock have the least effect, the 


ones nearest to it have the greatest effect. 
Weighting may be reduced greatly by placing 
the input far out on an extension of the cell 
body called a dendrite. The effect of an 
input outlasts the pulse that produces it, so 
that inputs which do not arrive synchronous- 
ly in time may still sum within brief time 
limits. Think of it as a pulse stretcher at each 
input coupled with a time constant in the 
cell body. The effect of the finite time 
constant is to give each input pulse a 
temporal weighting (ie: the more recently 
arrived pulses have a greater weight in the 
sum). 

When the inputs to the cell body have 
summed past threshold at the axon hillock, 
and a pulse has been placed on the axon as a 
result, we say that the neuron has "fired." 
An equivalent circuit (for our purposes) of 
the basic neuron is shown in figure 2. If you 
study figures 1 and 2 for a moment, you will 
see that the neuron has digital inputs, which 
are converted to analog values and operated 
on algebraically in an analog fashion. The 
result is then converted back to digital form 
for transmission. Now this is a very powerful 
tool, |t can act as an AND gate (coincidence 
of several equally weighted inputs required 
to reach firing threshold), an OR gate (any 
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Figure 3: The brain as it appears anatomically. Above: a view of the brain 
from the left side. Below: A view from the left of the inside of the brain 
shown cut in half down the center line. The basal ganglia (striatum) which do 
not show here would be on either side of the thalamus. 
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Specifications: The Human Biocomputer 

Cell Count: 15 billion (all present at birth) 

Structural Completeness: 50% at birth, 100% at age 15 years 

Energy Requirements: 20 watts, biochemically fueled 

Sugar Consumption: 1 teaspoon per hour 

Biood Flow: 1.5 pints per minute (20% of total body requirement) 

Oxygen Consumption: 45 сс per minute (STP) (25% of total body requirement) 
This illustration was supplied by the author. 
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of several inputs can drive the cell past firing 
threshold), or any of a variety of other 
functions (NAND and NOR can be achieved 
by cells with a resting potential above firing 
threshold, and inhibitory inputs). When you 
consider that one or more of the inputs to 
the cell can be feedback from its own axon, 
and that an average neuron may have ten 
thousand inputs, you begin to appreciate 
the possibilities. It can integrate and differ- 
entiate and do other useful functions by 
virtue of feedback and analog operation. 

No one would try to design a very large 
system out of gates this complex unless 
someone finds a way to make them in 
quantity on a chip. Consideration of their 
operation however reveals some important 
considerations of brain architecture. First, 
although neurons can be synchronized by 
simultaneously driving them with an over- 
riding input, they are normally asynchro- 
nous devices. The system can use local 
"clocks" where they are useful, but it 
doesn't have a system clock. 

This permits an interesting development. 
In synchronous systems, information can 
only be coded in terms of which lines are 
active. If you want to indicate on or off 
status of some condition, you put a zero or 
one on the appropriate line. But if you want 
to indicate a numerical value greater than 
one, you have to do it by coding it as the 
activity, or lack of it, simultaneously on 
several lines. For example, we represent 
numbers by the bit pattern in a byte on the 
data bus. Now the brain can, and in several 
instances does, function in this mode. We 
refer to it as "place coding" because the 
information is contained in the location of 
the incoming signal. However, because it 
does not have to maintain synchronization, 
the brain can also encode information in 
terms of the frequency of arrival of pulses 
on the axon. We refer to this, obviously 
enough, as "frequency coding." Examina- 
tion of the model circuit (figure 2) for the 
neuron reveals that the greater the positive 
input drive to the cell body, the more 
quickly the analog voltage will reach thresh- 
old, and the more quickly a new pulse will 
be placed on the axon after the reset 
following the preceding pulse. This means 
that it is very easy to use frequency coding 
to indicate the magnitude of the summed 
input activity. Due to the “pulse stretchers” 
at the inputs to the neuron, and the time 
constant of the cell body, pulses that are 
sequential on the axon can sum with one 
another to produce a greater analog voltage. 
This voltage is proportional to the frequency 
of the incoming pulses, and this achieves 
decoding of frequency coded input back to 
the analog mode. 
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Interaction of inputs from different 
axons is termed “spatial summation,” and 
interaction of sequential pulses on the same 
axon is termed "temporal summation," One 
of the interesting things the brain can do 
with this capability is to use both place and 
frequency coding simultaneously on the 
same line. Another advantage is the ability 
to represent very large numerical quantities 
with what might be called a “temporal 
byte," or integration over a brief time 
period, of a single input line, As an example, 
consider the way the brain encodes sensory 
information from your skin. The type of 
sensation (ie: heat, cold, pressure, etc) as 
well as the location of the sensation is place 
coded. That is, what you feel is a function 
of which line is active. The magnitude 
of the sensation, how much you feel, is 
frequency coded on the same line. Thus, 
the brain structure receiving the infor- 
mation can determine the type and location 
of the stimulation with a "spatial byte," 
{place code) which determines the set of 
active lines, and the intensity of the stimula- 
tion with a "temporal byte” of frequency 
code. 

The brain's basic "byte," therefore, has 
two dimensions, a spatial dimension and a 
temporal dimension. Two independent sets 
of information may be encoded in these two 
dimensions, and they may then interact in 
the receiving structure in a way determined 
by that structure, Notice that the spatial 
aspect of the byte is essentially digital 
information, and that the temporal aspect of 
the byte is essentially analog information, 
although it is encoded in the frequency of 
digital pulses. 

The mathematical treatment of this is an 
information theorist's nightmare, although it 
can be done, but from a practical standpoint 
there are some clear advantages. Digital 
information output from a structure which 
determines the type of action to be taken 
and analog information output from another 
structure which determines intensity of 
action required may "gate" one another in a 
third location to produce an output stream 
which simultaneously defines the nature and 
magnitude of the action taken. One could 
think of it as specifying the enabling of a set 
of switches with an appropriately coded 
digital byte while presenting a set of analog 
values to the switched lines. We do see this 
sort of thing of course in some electronic 
IO applications, but the brain makes use of 
this, and much more complicated inter- 
actions, in its internal processing. It may use 
the information from one aspect of the byte 
to determine the nature or extent of the 
operation to be performed on the informa- 
tion in the other aspect of the byte. 


Two additional properties of the neuron 
need to be mentioned to complete our 
understanding of the basic gate. The first isa 
different type of inhibitory input. The 
"negative synapse" described earlier puts an 
inhibitory input into the cell body to act on 
the analog sum there and retard the achieve- 
ment of firing threshold at the axon hillock. 
This action of course simply antagonizes 
(with a specified weight) the action of all the 
positive inputs. Clearly, it does this without 
regard to which input it is antagonizing. It is 
also possible to have a “negative synapse" 
which antagonizes only a specific synaptic 
input. This is called “presynaptic inhibi- 
tion," because it may be thought of as a 
disable input to one of the input one shots. 

The final desirable property of the 
neuron as a computer element is that speed 
of transmission of pulses down the axon 
may vary over a wide range (although it is 
always the same in any given axon). This 
means that we may use high speed axons to 
move data quickly, but low speed axons may 
be employed as delay lines. Since axons can 
have branches coming off at any point, we 
may have tapped delay lines. We shall see 
some stunning examples of the utility af this 
feature. 

It should be apparent by now that the 
basic neuron is an enormously pawerful 
tool. In practice, few situations call for all of 
the complexity of this device, and it is 
frequently seen acting as simply a switch or 
AND gate or other very domestic sort of 
creature. Indeed, in many situations, 
neurons take on a variety of specialized 
shapes and connections which optimize 
them for one or another function, to the 
exclusion of others. In all cases however, 
their operation may be understood in terms 
of the basic design we have discussed. 

Now that we have some terms for the 
basic elements, let us take a leap to the other 
end of the size spectrum and examine the 
overall structure of the brain. The exact 
anatomy is actually of little relevance for 
our purposes, but it may help to have a 
visual image of the device as we discuss the 
features of its parts. Figure 3 shows the 
general appearance of the human brain, 
together with some of its internal structure. 
Figure 4 shows the general organization of 
the parts as they would appear if the brain 
were taken out of the body, unfolded, and 
flattened out in a neat plan view. 

The functional structures of the brain 
may be generally divided into two cate- 
gories, fiber tracts and nuclei (plural! of 
nucleus). Fiber tracts are simply bundles of 
axons going from somewhere to somewhere 
else, the cabling and wiring of the brain. The 
nuclei are groups of cell bodies. Each 
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Figure 4: A "plan view" of 
the brain showing the re- 
lationship of the major 
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nucleus тау be thought of as analogous to a 
central processor with a dedicated function, 
and (in most cases) a hardwired or ROM 
program. Most of the nuclei are irregular 
blobs of cell bodies, but in some cases the 
cell bodies are arranged in layers and the 
layers form a folded sheet of cells. In this 
case it is called a cortex rather than a 
nucleus, but the idea is the same. (The most 
famous of course is the cerebral cortex, of 
which humans are very proud because it is 
better developed in man than in most 
species.) The cells in the nuclei may be 
divided into two types: local neurons, whose 
function is in the data processing internal to 
the nucleus, and whose axons do not leave 
the nucieus, and output neurons which give 
rise to the axons that make up the fiber 
tracts and communicate with other nuclei. 
There are thousands af nuclei, of all levels of 
size and sophistication. Unfortunately, there 
is very little system to their names, and the 
names are either in Latin, or unpronounca- 
ble (Nucleus of Darkesch witz, etc). The fiber 
tracts are bad too (Habenulointerpeduncular 
tract). 

The only rational thing to do with the 
names of neuroanatomy 15 to endure them 
or ignore them. We shall try to ignore them. 
It will help however if you will take the time 
to learn the names of a few of the major 
divisions of the brain which are shawn in 
figure 4 and to remember their basic relation 
to опе another. Тһе most important items, 
from bottom to top, are: the spinal cord, the 
medulla, the pons, the cerebellum, the 
mesencephalon, the diencephalon (and its 
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two major subdivisions, the thalamus and 
the hypothalamus), the limbic system, the 
striatum, and the cerebral cortex. 

This bottom to top sequence corresponds 
in a general way to a sequence of increasing- 
ly more global levels of control, from most 
detailed and specific, to most general and 
abstract. It also corresponds roughly to the 
evolutionary sequence from oldest and most 
primitive to most recent and advanced. All 
of the apparatus shown here is present by 
ihe time the evolutionary level of the 
mammals is reached. 

The basic architecture of the system is 
hierarchical. Each of the major functions of 
the system is partially organized at each level 
of the system, rather than particular struc- 
tures being devoted to particular major 
functions. At the lowest levels, there are a 
multitude of relatively simple processing 
elements doing similar jobs, and at the 
higher levels there are a few very complex 
and powerful processing elements defining 
system goals and priorities, and organizing 
the activities of the lower levels to achieve 
them. 

On the input side, the lowest levels gather 
raw data which is then progressively ab- 
stracted, sorted and refined at each stage 
according to general guidelines which may 
be hardwired or provided by higher levels. 
The highest levels then receive abstract 
symbolic information about the general state 
of the environment rather than details. 
("There is a black cat there" as opposed to 
"The following points of the visual field are 
dark.") Similarly, output functions begin al 
the highest levels, which determine genera! 
goals and strategies and transmit these in the 
form of statements about more limited 
momentary objectives to lower levels, which 
in turn send information about desired 
actions and timing to the lowest levels for 
execution. 

Thus, at each level there are a number of 
relatively independent processing elements 
pursuing their own jobs in parallel real time, 
while trading information with echelons 
above and below, and lateraliy with one 
another. It follows that it doesn't make 
sense to ask where in the brain any large 
scale function is processed. Different aspects 
of it will be handled in different portions of 
functional subsystems which are represented 
at all major levels of the physical system. It 
might sound hopeless to try to follow the 
operation of such a device, but in practice 
there is order, not chaos. At the lower levels 
where semi-independent processors are most 
numerous, there is least diversity among 
them. The organization is in many ways like 
a military command chain, and one doesn't 
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TDL EQUIPMENT USED BY NEW JERSEY PUBLIC TELEVISION 
TO PROCESS NEW JERSEY GUBERNATORIAL PRIMARY ELECTION RETURNS 


John Montagna, computer engineer (above left), 
lead this successful network team in generating 
election results speedily, efficiently and reliably 
using predominantly TDL hardware and soft- 
ware. Montagna created three programs to get 
the job done. The text for a SWAPPER pro- 
gram was written and assembled using the TDL 
TEXT EDITOR and Z80 RELOCATING MACRO 
ASSEMBLER. The SWAPPER text and all 
debugging was run through TDL's ZAPPLE 
MONITOR. The relocatable object code was 
punched onto paper tape. A MAIN USERS 
program updated votes and controlled air dis- 
play. An ALTERNATE USERS program got 
hard copy out and votes in. The latter two 
programs were written in BASIC. Montagna 
modified the ZAPPLE BASIC to permit time- 
sharing between the two USERS programs. 


TDL's XITAN SYSTEMS have the capacity to do 
similar tasks for you. Write to us for XITAN 
information and the name of your nearest TDL 
dealer. 
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Four screens were incorporated, two terminals 
entered votes as they came in and were used 
to call back votes to check accuracy. Mon- 
tagna called on the power and flexibility 
offered by TDL's ZPU board and three Z-16 
Memory boards. 


Montagna's setup worked constantly for over 
four hours updating and displaying state-wide 
and county-wide results without flaw. 


“i chose TDL because they have all the soft- 
ware to support their hardware, and it's good; 
it has the flexibility to do the job." 

John Montagna 


We salute John Montagna and NEW JERSEY 
PUBLIC BROADCASTING for spearheading 
the micro-computer revolution. 
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In this magazine, alone, there are probably a dozen 
ads for small computers. New companies are breaking 
ground like spring flowers. 
How, then, do you determine which computer offers the 
features you need most...at the price you can afford? 
We'd like to propose seven basic questions to help you 
make an intelligent decision. 


How complete is the 
computer system? 


Many buyers of small computers are in for a rude 
awakening when they have to spend additional money 
for interfaces. 
The Sol-20 Terminal Computer was the first complete 
small computer system. Everything you need to make 
it work is included in the basic package. 


Is powerful system 


software available? 
It won't do if your system is “tongue-tied” 
Processor Technology Corporation has devoted 

more effort to the development of software than any other 
small computer maker. Our latest offering is the first 
fully implemented disk operating system for a small 
computer: PTDOS. It contains over 40 major commands, 
several languages and numerous utilities. Our high 
level languages include Extended BASIC, Assembler, 
FORTRAN* FOCAL and PILOT* 


Is the system easy 


to expand? 

More and more computer owners are 
expanding their small computers to handle business and 
other specialized requirements. 

The largest Sol system can handle 64K bytes of RAM 
memory and operate with a three megabyte on-line 
disk memory. Sol systems use the S-100 Bus. So you can 
use a wide variety of hardware. 


* Available soon. 


Processor 
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15 the computer 
well-engineered? 


Our Sol systems are the most conservatively 
rated and ruggedly built in the industry, period. In 
addition we designed them with you, the user, in mind; 
Sols are easy to build and a joy to operate. 


Does it have proven 
reliability? 
What is the track record’? There are over 


5,000 Sol systems in the field. Our track record for reliable 
performance is unparalleled in the small computer field. 


Does it have good 
factory support? 


A computer is a complex piece of hardware. 
So you want to be sure it is backed up with complete 
manuals, drawings and a factory support team that cares. 
Processor Technology offers the most extensive 
documentation of any small computer manufacturer. And 
we maintain a patient, competent telephone staff to 
answer your questions. 


Are maintenance and 


service people accessible? 
Where are they located? 

Processor Technology has maintenance and service 
people in over 50 cities around the U.S. 

As you continue turning the pages, see how we stack up 
to the other computers in this magazine. If we've 
succeeded in whetting your appetite, see your Sol dealer 
or write for information on the complete family of 
Sol computers. 

Processor Technology Corporation, Box B, 

7100 Johnson Industrial Drive, Pleasanton, CA 94566. 
(415) 829-2600. 
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Each board is a standout. 


Together, they’re a powerhouse. 


In the beginning there were boards, 
thousands of them. 

That's how we started іп the business. 
Making memories and interfaces for 
other people's computers...and making 
them better. 

Now that our own Sol has become 
the number one small computer, you 
might think we're putting less emphasis 
on our board business. 

Not so. 

We're just doing more creative things 
with them. 


One neat package gets your 
computer on the air. 


For example. we've built Subsystem 
B. which ties together five Processor 
Technology modules into a completely 
integrated system that makes other 
5-100 Bus computers work almost as 
well as our Sol. 


Subsystem B includes a memory 
module. three input/output modules, 
a general purpose memory, and 
appropriate software. 

A specialized software program 
called CUTER knits together 
your computer and its peripherals to 
create an integrated, smoothly 
working system. 

It's the fastest, cleanest way to get on 
line, and it costs less than if 
you bought each module separately. 

You get your choice of two low 
power, reliable memory modules in 8K 
or 16К capacity. 

Our VDM-1 video display module 
(still $199 in kit) is the industry standard 
display device with over 6,000 in use. 

Our CUTS high speed. low cost 
(5110 in kit) audio cassette interface is 
the most reliable on the market and is 
supported by our broad line of cassette 


software including Extended BASIC, 
FORTRAN* РОТ? FOCAL апа 
numerous others. 

And our 3P +S input/output module 
offers a low cost way to handle 
virtually all the 1/О needs of апу S-100 
Bus compatible computer system. 
There are close to 10,000 in the field. 
Price is just $149 in kit. 

Yes, we may have become the maker 
of the Number 1 small computer — 
the Sol. But we haven't neglected the 
quality of our board business. We 
cant afford to... because we use many 
of them in our own computers. 

For our most recent literature and 
price list see your dealer or write 
Processor Technology Corporation, 
Box B, 7100 Johnson Industrial Drive, 
Pleasanton, CA 94566, (415) 829-2600. 
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*Available soon. 


See it at your Sol dealer... 


ARIZONA 


Byte Shop Tempe 
813 N. Scottsdale Rd. 
Tempe, AZ 85281 
(602) 894-1129 


Byte Shop Phoenix 
12654 N. 28th Dr. 
Phoenix, AZ 85029 
(602) 942-7300 


Byte Shop Tucson 
2612 E. Broadway 
Tucson, AZ 85716 
(602) 327-4579 


CALIFORNIA 


The Byte Shop 

1514 University Ave. 
Berkeley, CA 94703 
(415) 845-6366 


The Byte Shop 

6041 Greenback Lane 
Citrus Heights, CA 95610 
(916) 961-2983 


Computer Center 
1913 Harbor Bivd. 
Costa Mesa, CA 92627 
(714) 646-0221 


The Byte Shop 
1122 "В" Street 
Hayward, CA 94541 
(415) 537-2983 


The Byte Shop 

16508 Hawthorne Blvd. 
Lawndale, CA 90260 
(213) 371-2421 


The Computer Mart 
633-B West Katella 
Orange, CA 92667 
(714) 633-1222 


Byte Shop 

496 South Lake Ave. 
Pasadena, CA 91101 
(213) 684-3311 


Micro-Computer 
Application Systems 
2322 Capitol Avenue 
Sacramento, CA 95816 
(916) 443-4944 


Byte Shop 

321 Pacific Ave. 

San Francisco, CA 94111 
(415) 421-8686 


The Byte Shop 
2626 Union Avenue 
San Jose, CA 95124 
(408) 377-4685 


The Byte Shop 

509 Francisco Blvd. 
San Rafael, CA 94901 
(415) 457-9311 


Byte Shop of Tarzana 
18423 Ventura Blvd. 
Tarzana, CA 91356 
(213) 343-3919 


The Byte Shop 

2989 North Main St. 
Walnut Creek, CA 94596 
(415) 933-6252 
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COLORADO 


Byte Shop 

3101 Walnut St. 
Boulder, CO 80301 
(303) 449-6233 


FLORIDA 


Byte Shop of 

Fort Lauderdale 

1044 East Oakland Park 
Blvd. 

Ft. Lauderdale, FL 33334 
(305) 561-2983 


Byte Shop of Miami 
7825 Bird Road 
Miami, FL 33155 
(305) 264-2983 


Microcomputer 

Systems Inc. 

144 So. Dale Mabry Hwy. 
Tampa, FL 33609 

(813) 879-4301 


GEORGIA 


Atlanta Computer Mart 
5091-B Buford Hwy. 
Atlanta, GA 30340 
(404) 455-0647 


ILLINOIS 


Champaign Computer 
Company 

318 N. Neil Street 
Champaign, IL 61820 
(217) 358-5883 


The Numbers Racket 
6237: South Wright St. 
Champaign, IL 61820 
(217) 352-5435 


itty bitty machine co. 
1322 Chicago Ave. 
Evanston, IL 60201 
(312) 328-6800 


itty bitty machine co. 
42 West Roosevalt 
Lombard, IL 60148 
(312) 620-5808 


INDIANA 


The Data Domain 
406 So. College Ave. 
Bloomington, IN 47401 
(812) 334-3607 


The Data Domain 
7027 N. Michigan Rd. 
Indianapolis, IN 46268 
(317) 251-3138 


IOWA 


The Computer Store 
of Davenport 

4128 Brady Street 
Davenport, ІА 52806 
(319) 386-3330 


KENTUCKY 


The Data Domain 
3028 Hunsinger Lane 
Louisville, KY 40220 
(502) 456-5242 


MICHIGAN 


The Computer Store 
of Ann Arbor 

310 East Washington 
Ann Arbor, МЇ 48104 
(313) 995-7616 


General Computer Store 
2011 Livernois 
Troy, Мі 48084 
(313) 362-0022 


MINNESOTA 


Computer Depot, Inc. 
3515 W. 70th St. 
Minneapolis, MN 55435 
(612) 927-5601 


NEW JERSEY 


Hoboken Computer Works 
No. 20 Hudson Place 
Hoboken, NJ 07030 

(201) 420-1644 


The Computer Mart 
of New Jersey 

501 Route 27 
Iselin, NJ 08830 
(201) 283-0600 


NEW YORK 


The Computer Mart 
ot New York 

118 Madison Ave. 
New York, NY 10001 
(212) 686-7923 


The Computer Corner 
200 Hamllton Ave. 
White Plains, NY 10601 
(914) 949-3282 


NORTH CAROLINA 


ROMs 'N' RAMs 
Crabtree Valley Mall 
Raleigh, NC 27604 
(919) 781-0003 


OHIO 


Byte Shop 

2432 Chester Lane 
Columbus, OH 43321 
(614) 486-7761 


Computer Mart of Dayton 
2665 S. Dixie Ave. 
Dayton, OH 45409 

(513) 296-1248 


OREGON 


Byte Shop Computer Store 
3482 SW Cedar Hills Blvd. 
Beaverton, OR 97005 

(503) 644-2686 


The Real Oregon 
Computer Co. 

205 West 10th Ave. 
Eugene, OR 97401 
(503) 484-1040 


Byte Shop Computer Store 
2033 SW 4th Ave. 
Portland, OR 97201 

(503) 223-3496 


RHODE ISLAND 


Computer Power, Inc. 
M24 Airport Mall 
1800 Post Rd. 
Warwick, RI 02886 
(401) 738-4477 


SOUTH CAROLINA 


Byte Shop 

2018 Green St. 
Columbia, SC 29205 
(803) 771-7824 


TENNESSEE 


Microproducts & Systems 
2307 E. Center Street 
Kingsport, TN 37664 
(615) 245-8081 


TEXAS 


Computer Port 
926 N. Collins 
Arlington, TX 76011 
(817) 469-1502 


Computertex 

2300 Richmond Ave. 
Houston, TX 77006 
(713) 526-3456 


Interactive Computers 
76461 Dashwood Rd. 
Houston, TX 77036 
(713) 772-5257 


Neighborhood Computer 
Store 

#20 Terrace 

Shopping Center 

4902 - 34th Street 
Lubbock, TX 79410 

(806) 797-1468 


The Micro Store 

634 So. Central 
Expressway 
Richardson, TX 75080 
(214) 231-1096 
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VIRGINIA 


The Computer Systems 
Store 

1984 Chain Bridge Rd. 
McLean, VA 22101 
(703) 821-8333 


The Home Computer Center 
2927 Virginia Beach Blvd. 
Virginia Beach, VA 23452 
(804) 340-1977 


WASHINGTON 


Byte Shop Computer Store 
14701 N.E. 20th Ave. 
Bellevue, WA 98007 

(206) 746-0851 


The Retail Computer Store 
410 N.E. 72nd 

Seattle, WA 98115 

(206) 524-4101 


WISCONSIN 


The Madison Computer 
Store 

1863 Monroe Street 
Madison, WI 53711 
(608) 255-5552 


The Milwaukee 
Computer Store 

6916 W. North Ave. 
Milwaukee, WI 53213 
(414) 259-9140 


WASHINGTON D.C. 


Georgetown 

Computer Store 

3286 M Street NW 
Washington, D.C. 20004 
(203) 362-2127 


CANADA 


Trintronics 

160 Elgin St. 

Place Bell Canada 
Ottawa, Ontario K2P 2C4 
(613) 236-7767 


Computer Mart Ltd. 

1543 Bayview Ave. 
Toronto, Ontario M1K 4K4 
(416) 484-9708 


First Canadian 

Computer Store Ltd. 

44 Eglinton Ave. West 
Toronto, Ontario M4R 1A1 
(416) 482-8080 


The Computer Place 

186 Queen St. West 
Toronto, Ontario M5V 171 
(416) 598-0262 


Basic Computer Group Ltd. 
1548 East 8th Ave. 
Vancouver, B.C. V6J 4R8 
(604) 736-7474 


Pacific Computer Store 
4509 Rupert St. 
Vancouver, B.C. V5R 2J4 
(604) 438-3282 
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The IRS 


and the 


Elizabeth M Hughes 
5831 Hillside Dr 
Doraville GA 30340 


Few computer hobbyists ever have 
enough money to put into expanding, up- 
grading or otherwise improving their sys- 
tems. New products for the home computer 
are appearing almost daily and new needs 
("Т | only had another 4 K of mem- 
огу. . ,") become visible as the computer re- 
ceives increased use. It’s hardly surprising, 
then, that тапу small-systems owners 
are thinking of ways to make their com- 
puters pay for themselves. Many succeed in 
penetrating the chinks in the armor of 
the local business community (or whatever) 
and begin to earn some money from the 
enterprise. 

The ecstasy of turning a dollar from a 
hobby activity is hard to beat, but after that 
first burst of excitement, it's necessary to 
remember the cloud on the horizon: the 
Internal Revenue Service (IRS), which is 
interested in a// earnings. The purpose of this 
article is to acquaint you with the additional 
tax schedules you must prepare and records 
you must maintain if you start earning 
money with your computer. On the brighter 
side, it will also give you an idea of the 
deductions you can take on the strength of 
your new status as a small business. 

Tax law is complex, however, and an 
article of this length can only offer a 
thorough overview of the situation. Anyone 
starting a small business would be well- 
advised to augment the information pre- 
sented here by getting the free IRS publica- 
tions on the subject which are listed at the 
end of this article. 


Are You a Small Business? 


In deciding whether or not you are a 
"small business" for federal income tax 
purposes, the main considerations are (a) 
did you earn any money from the enter- 


Computer Entrepreneur 


prise in question during the past year?; 
and (b) do you want to take deductions 
based on your status as a small business? 
If you take business-based deductions, your 
business can be a comfortable tax loss, 
but only for а short time. If you do not pro- 
duce a taxable profit during at least two of 
every five consecutive years, you do not 
qualify as a business, in which case you may 
find yourself in the uncomfortable position 
of having claimed deductions in previous 
years from a nonexistent business. There- 
fore, unless you seriously intend to expand 
your money earning computer activities to 
the point of making a net profit, it's wise 
to simply report computer income under 
miscellaneous income оп your regular 
tax form and leave it at that. 

Other considerations arise on a state 
or local level. Before you decide to become 
a small business, be sure to find out what’s 
involved in your area. Zoning ordinances in 
some cities render even in-the-home 
businesses iliegal in certain areas. Some cities 
and states require an annual licensing fee 
from ай! small businesses, and state law varies 
radically regarding which goods or services 
are subject to sales tax. Inquiring into these 
matters at the outset will prevent problems 
later. In most areas, small businesses are not 
required to incorporate or to register their 
trademarks, if any (although they are per- 
mitted to do so); but all states and some 
municipalities have laws regarding small 
businesses which must be taken into con- 
sideration. Telephone calls to state and local 
government offices will usually answer these 
questions efficiently. 


Satisfying the IRS 


New smali businesses, especially if they 
are responsible for tax losses in their first 


The ecstasy of turning a 
dollar from a hobby 
activity is hard to beat, 
but after that first burst 
of excitement, it's neces- 
sary to remember a 
cloud on the horizon: 
the IRS. 
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New small businesses, 
especially if they are 


responsible for tax losses 
in their lirst year or two, 
are prime targets for 1RS 


audits. 


One successtul business 1 


know keeps records in 


paper bags, one marked 
"expense" and the other 


28 


"income." 
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year or two, are prime targets for IRS audits. 
The thought of being audited by the IRS 
strikes terror into even the most innocent 
hearts, but if you keep complete and 
accurate records you can face even that 
contingency with unruffled calm. 

The general rule is keep everything. In 
detail, this translates into keeping all receipts 
for business expense, paying as many 
business expenses by check as possible Lo 
provide the additional documentation of a 
cancelled check, and keeping thorough 
records of all income from your business. 
Remember that the IRS is always looking 
for falsified records of all sorts and has no 
reason lo suppose that you haven't been 
doing the same, so don t rely on your com- 
puter printout or handwritten records to 
satisfy them. All those odd sized reccipts 
may be a pain to keep, but if you're audited, 
they'll save the day. 

Records needed fall into three categories: 
income, outlay and miscellaneous. Income 
records serve as the basis for calculating your 
total business income at lax time. For 
example, if you bill someone for a computer 
service, keep a copy of the invoice you send 
out and note on it such particulars as date, 
service, customer's name and address, and 
postage required to send the bill. When pay- 
ment is received, mark the invoice with the 
date of payment and file a photocopy of the 
check with it. A record of the date of pay- 
ment is especially desirable if you are paid in 
cash, and for this reason an inexpen- 
sive receipt book can be a worthwhile 
investment. 

Records of outlay serve to document 
expenditures made for the business. They 
are especially important because they 
support any business deductions you claim 
at the end of the year. Anything purchased 
exclusively for business use is a safe deduc- 
tion. Thus, if you buy a cassette which is 
used solely for business data (as opposed to 
programs for your private amusement), 
it counts as a business expense; but if you 
buy a sheet of stamps, you can only count 
as business expense those stamps used for 
business purposes, such as mailing bills or 
advertising. 

Miscellaneous records document your 
claim to be a business. They include copies 
of any advertising you do, business cor- 
respondence, and announcements (or news- 
clips) of activities you participated in which 
mention that you are the proprietor of 
your business. 

The central fact to remember is that the 
IRS takes nobody's word for anything and 
looks at any record with a critical eye. 
Fraud and conspiracy to defraud are ever 


present, and the IRS is continually on guard 
against. them. Therefore, any record which 
involves a business other than your own 
(ер: the company you bought x from), a 
bank, or another individual (a customer, a 
news reporter, whatever) helps your cause 
by providing someone who can altest to 
your business activities, All of this inevitably 
sounds paranoid, but a little well-placed 
forethought and paranoia can save trouble 
later. 


Getting Organized 


Naturally, all these documents amount to 
a lot of paper, usually in odd sized scraps 
that have the knack of vanishing at incon- 
venient moments. There are — several 
approaches to making life easier at tax Lime. 
One successful "small business” | know uses 
paper bags. The entrepreneur of this enter- 
prise keeps one marked expense апа one 
marked income by the desk and pitches all 
documents into one or the other. When 
preparing Lax forms, he sorts the bags, com- 
bining related documents into rubber- 
banded bundles, and, after the forms are 
mailed, puts all the documents plus a copy 
of the tax forms into one large paper bag. 
Stapled shut and labelled with the year, it 
then takes its place among previous years’ 
bags on a shelf as insurance against the 
day the IRS decides to audit. 

| personally prefer a somewhat more 
complicated system employing file folders, 
Each client or type of expense has its own 
file folder which | can use not only for tax 
purposes but as a basis for estimating antici- 
pated needs. If the money can be available 
before the expense arises, life is made easier; 
and if a service сап be offered (о a client 
just as he/she is аһош to request it, business 
flows more smoothly. 

Regardless of system, however, the 
principle is the same: Ксер hard сору 
proving the legitimacy of every deduction 
and every bit of claimed income. Try dif- 
ferent approaches until you find the one 
that suits you best, and then stick with it. 
It's your best defense against allegations of 
tax fraud, 


The Silver Lining 


If all this sounds like a lot of trouble, 
you're right. But it has advantages. And in 
the language of income tax, advantage" is 
spelled deduction. Small business expenses 
are deductible. What counts as a business 
expense? Schedule С, the main tax form 
businesses must fill out (more about this 
later), lists several categories. Let's consider 
them one by one. 
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with just one pyramid. The Great - © Write Protect with alarm for * Complete S-100 compati- = 
Pyramid stands on the Plainof -~ ^ each 4k block bility, including the Alpha жы 
Gizeh with two other monuments * Full Schmitt trigger buffering Micro апа 2-2. . E ў 
erected for kings and queens. ` * No DMA restrietions The Great 16k Dynamic - 
Dynabyte didn’t stop with one е Complete S-100 bus com- Memory. $399. 
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you can get 16k and 32k fully Micro and Z-2. * No wait states 
static RAM’s that are built with the The Great 32K Static * Transparent refresh 
same unmatched engineering Memory. 250 ns., $995. 450 * 16k addressing boundaries 
ability and manufacturing-skill ns., $925. • Widest S-100 mainframe and 
that went into Egypt's wonders of * 4k boundary addressing disk system compatibility 
the ancient world. * Full Schmitt trigger buffering All of Dynabyte's memories 
When we say built, we mean * No DMA restrictions meet rigid industrial grade stand- 
completely built. Assembled, ards. Design, components, con- 
tested and burned in. We don't Dyn ‚ struction, testing апа perfor- 
leave anything undone. That way, m d M gra к mance. But if a module ever needs 
you can buy any Dynabyte ry repair, we provide factory service 
memory and know that it is backed Assembling a kit can be fun; with 24 hour turnaround for both 
by a factory guarantee for one full almost anyone can do it. warranty and non-warranty work. 
year. Kits and semi-kits can't But how about testing it? Ask for the Great Memories by 


say that. 

Qur 16k static and our 32k 
static are available with either 250 
ns. or 450 ns. access time. Our 
250 ns. module is completely 
compatible with the 4MHz Z-80A 
processors. The 450 ns. modules 
are compatible with the 8080 and 
the faster 3MHz 8085 processors. 

The Great 16k Static 
Memory. 250 ns., $555. 450 
ns., $525. 

* 4k block addressing along 4k 
boundaries 
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Do you have the test programs 
and equipment? Do you know 
which memory test program 
uncovers pattern sensitivity? 
Or which finds shorted data 


bits but won't find address 
decoder faults? 

We do. It's our business. We 
have the 200 MHz osclllo- 
scopes, the logic analyzers, the 
burn-in chambers, and the test 
programs. We find the bugs, 
even the subtle ones. 

Which lets you concentrate 
on computing. 


Dynabyte at your local computer 
store. You can also pick up com- 
plete product information while 
yov're there. 

But if you haven't got a local 
computer store, write Dynabyte, 
Inc., 4020 Fabian, Palo Alto, CA 
94303. Or telephone (415) 
494-7817. 


DYNABYTE 


Builders of Great Memories 
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The cost of replacing a 
2102 programmable 


memory which gave up the 


ghost 15 deductible аза 


repair cost, but upgrading 


it to a 2102-1 or adding 
another 4 K bytes of 
memory to the system is 


an improvement and must 
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be treated differently. 
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Depreciation 


If you buy any income producing 
property or property used in your business 
which has a limited useful life that can be 
reasonably estimated, you may, during the 
years of its useful life, recover some of its 
cost in the form of depreciation. If, for 
example, you buy an item to use in your 
business that will wear out or need replace- 
ment in time, you can deduct a certain 
percentage of its cost every year of its 
estimated life, If you are using the item for 
nonbusiness as well as business purposes, 
you may only deduct the depreciation for 
the period of business use. Thus, if you buy 
a computer which will be used one third of 
the time for business and the other two 
thirds of the time for nonbusiness uses, only 
one third of its annual depreciation can be 
deducted as a business expense. 

There are many ways of calculating 
depreciation, Tax law surrounding it ts too 
complicated for thorough discussion in an 
article of this length, but since much of the 
expense of a small computer business arises 
from purchases of depreciable property, it 
is well worth a detailed study if you start 
your own computer-oriented business, 


Taxes on Business and Business Property 


This includes tax on business property 
(if you conduct your business on land you 
own and on which you must pay property 
tax); personal property tax, sales tax, 
gasoline tax, and the like if they were 
incurred in the ordinary course of business; 
state imposed corporate franchise tax; and, 
if you have employees, employment taxes. 
Of these, only sales tax (in applicable states) 
and gasoline tax are apt to be worth the 
computer entrepreneur's time as deductions, 
but be sure to deduct all that apply and are 
documented. 


Other Business Property Deductions 


If you rent an office from which you 
conduct your business, the rent |5 
deductible. If you operate from your home, 
however, you get no such deduction except 
under very special circumstances which are 
discussed in greater detail below. Unless you 
are engaged in your business full time, 
however, attempting to get this deduction 
will almost certainly be more trouble than 
it's worth. 

Routine repairs and maintenance of 
business property (the office, if any, the 
computer, etc) are deductible only if they 
do not increase the value, utility or life 
expectancy of the repaired item. Thus, 
the cost of replacing a 2102 programmable 


memory which gave up the ghost unexpec- 
tedly is deductible as a repair cost, but up- 
grading it to a 2102-1 or adding another 4 
K of memory to the system is an improve- 
ment and must be treated differently. 

If you carry business insurance, the 
premiums are deductible. 


Salaries, Wages, and the Like 


If you have employees, there are deduc- 
tions for salaries, wages, commissions and 
numerous forms of employee benefits, but 
you may not deduct any salary, wage or 
cumpensation paid to yourself. If you claim 
deductions in these categories, be prepared 
to prove that the service paid for (eg: date 
entry) actually was rendered, that the pay- 
ment for the service actually was made, and 
that the rate of pay was reasonable. 

You may also deduct the fees of lawyers, 
accountants and the like whose services your 
business uses. 


Financial Business Deductions 


You may claim deductions for bad debis 
arising from sales or services, for interest on 
loans made for or by the business, and for à 
number of other more complex financial 
matters which arise from certain business Lax 
breaks. Unfortunately, computer entre- 
preneurs are not likely to qualify for 
the tax breaks, so | merely mention their 
existence in passing. 


Other Business Expenses 


Most of your deductions are арі to fit 
into this category. If you're renting an 
office, you can deduct the costs of hcat, 
light, telephone and trash removal. These are 
also deductible if you qualify for a 
deduction for conducting business in your 
home, but in any event you can safely 
deduct business long distance telephone 
calls. The cost of postage is deductible for 
all business correspondence including mailed 
advertisements and bills, as is any paper and 
printing expense which you incur for your 
business. Similarly, your investment in 
receipt books, file folders and other supplies 
used to maintain tax records is deductible. 

One of the largest deductions of the com- 
puter entrepreneur will probably be for 
reference and research materials. If you 
purchase books or magazines which give 
you information which contributes to the 
success of your business (eg: an issue of a 
magazine containing a program for a service 
you subsequently sell), the cost of the pub- 
lication is a deductible expense. Member- 
ships in professional societies, subscriptions 


Price/ Performance 
no one else has put together. 


IMSAI Introduces the PCS-80/30 
Integrated Video Computer 


[.]3 mHz microcomputer 

ГІЗК ROM monitor 

[]2K RAM 

[08 expansion slots 
14 mHz integrated intelligent 
CRT (24 x 80) 

C Intelligent Keyboard 

[C] Parallel interface 

[ ]2 serial interfaces 

О Graphic and edit CRT 
functions 

0 28 amp power supply 

C] All for $1499* assembled 
and tested. 


Software: 


ASSEMBLER, DOS, TTY and ACR 
BASIC, Commercial/Scientific BASIC, 
FORTRAN IV and more. 


Memory Options: 
4, 16, 32 and 64K RAM memory boards, 
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Peripherals: 

Printers, floppies—mix and match; 
standard, mini and high performance 
double density floppy disks on the same 
system (an industry first), М” magnetic 
tape drive, CRT and TV monitors. 


Send today for your copy of the 250-page 
IMSAI PCS-80/30 User Manual. Price 
$5.00. The cost of the manual may be 
applied towards your purchase of a PCS- 
80/30 Integrated Video Computer. Use 
the coupon provided. 


Gentlemen: 
Send me the IMSAI PCS-80/30 User Manual, price 
$5.00. I understand that the $5.00 may be applied 


towards the purchase of a PCS-80/30 Video 
computer System. 


Check /Money Order enclosed. Ати. $. 
Charge my C] BAC C] M/C 


SS een. Data: 


Sig. 


Name 


Address 
су 
State/Zip 

IMSA 14860 Wicks Blvd. San Leasdro, CA 94577 


IMISAT 


The Standard of Excellence 

in Microcomputer Systems 

IMSAI Manufacturing Corporation 

14860 Wicks Blvd. San Leandro, CA 94577 
(415)483-2093 TWX 910-366 7287 


“U.S. domestic price only. PCS-80/30 kit available. Other PCS-8O kits sapt 


at $699. Prices and specifications subject to change without notice, 
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Figure 1: Schedule С, 
"Profit (or Loss) From 
Business or Profession. " 
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to technical journals, the automotive ex- 
pense incurred by your business, and books 
and business equipment having a useful life 
of less than one year can also be deducted. 
A lot of things suddenly become deduct- 
ible when you're a small business, with the 
result that care and good judgement are 
even more necessary than usual in filling 
out your tax forms. If you have any doubt 
about the legitimacy of a deduction or 
your ability to substantiate it, don't take 
it. In fact, the first year you file as a small 
business it's wise to go easy on everything 
while you become accustomed to the forms 
and laws. Then, as you grow more familiar 
with the ins and outs of tax for small 
businesses, you'll be able to claim more of 
your deductions with the certainty that, 
should you be audited, you'll be able to 


SCHEDULE C 
(Form 1040) 


Departmerst st the Trew 
Internat 1484 gare T 


Мата of proprigar 
7. t usrEeb 


A Principal business achwlly (sea Schedule C Instructions) I» 42 
B Business name >... SAAI STERO Carne 
О Business address (number and slreel) 

City, Slate and ТІР code в... CO PUT 


support them adequately. Let's look at the 
additional tax schedules you'll need to fill 
out. 


Schedule C (Form 1040) 


This is the main schedule you'll have to 
worry about. Figures 1 and 2 show the front 
and back of the 1976 Schedule C, respect- 
ively. They have been filled out with the tax 
information on a fictitious computer entre- 
neur. You can follow them through the dis- 
cussion below, 

At the top of figure 1 is a place for your 
name and social security number. This pro- 
vides cross-indexing to your Form 1040, 
filed simultaneously. Below, in A through 
H, you indicate the general shape of your 
business: (A) what you do and produce, (B) 


Profit or (Loss) From Business or Profession 
(Sole Proprietorship) 
Parinarships, Joini Ventures, etc., Must File Form 1065. 
be Attach to Form 1040. & See Instructions for Schedule C (Form 1040). 


1976 


Social security number. 
рым; 


E (абе methed of accounting: 141) М cash 03 Г] пш (3) [ ] Other >» 


STINGS WTH 00745 
EVPLAIAS ALi (A-T Deductions AMDUATS, 


g 
1 
3 
i 
Ed 
{ 
è 
і 
: 
E 


F Ware you required to file Form W«3 of Form 1086 for 1975 (see Schedule C instructs}? a wc so so s e eo om oo on on on 
M "ess" where led он —————À 
G Was an Empleyut'3 Quarterly Federal Tae Return, Torm 941, filed for this business for any quil in 1976? 
H Method of inventory valuation pe... АҘ VEATERY е тете Was there any substantial change in 
the manner o! determining mucniblles, valuatians helsen the opening and ciosg imentories? { "Yes." alach explanation) eet 
1 Gross тесициѕ o sales $ T. .. Less: returms 2nd Имам $ | m 
2 Less: Cost of goods sald and/or operations (Schedule C-1, tins » v s c eS onis 
3 Gross рой... « « 
4 Other incoma (altach schedule) 
6 Total incame (add lines 3 and A . . 
6 Depraciallon (explain in Schedula C-3) . . . . 
7 Taxes on business and business proparty (explain in Schedule с-2).. 
8 Rent on business proparty 
9 Repairs (explain in Schedule C-2) ....... 
10 Salanes and wages not Included on line 3, Schedule С-1 (exclude апу paid to yourself) . 
Jl Insurance . . s, a 
12 Legal and professionel fees „........... on on on 
13 Commissions. s a a 6 ee ee ee „к ж «а а „а, 
14 Amortization (attach slaterment) s ...... oe o n 
15 (ә) Pension end profit-sharing plans (see Schedula C instructions) š 
(b) Employes benotit programs (ваз Schedule C Instructions) . . 
16 interest on business indabtedness . . . . 
17 Bad debts arising from sales or services 
18 Depletion > s s» ss s uasa 
19 Other business expenses (specily}: 
5 UOT 


о) TELEPHONE. 
to POSTAGE... 


——————— riere aeee =! 


ж 


Ч 
i 
: 
: 
È 


2 


4.4... 


NEHDES Aus Mess кореди) .. 


{k) Total othar business bvpbhkes. (add lines 190) throigh 190) acm ЧЕНЕ. 190) 
20 Total deductions {add lines 6 through 19(8)). - 


21 Net profit or (Joss) (subtract line 20 fram Пав 8. Enter hers and on JUR 1040, line 29. ALSO | | 
enter on Schedule SE, line біл). 21 


SCHEDULE C-1.—Cost of Goods Sold and/or "Operations “(See ‘Schedule C Instructions for Line 2) 


1 inventory at beginning ol yeor (i different trom last year’s closing inventory, attach explanation) . . . Em 
2 Purchases фу...» LORE cost of items үке lor persona] изе $.............................. Balance >» | 2 


ЗЕЙ aadota}. Жышаан 


т?етидАд Ы 


3 Cost of labor (do not include salary T Magee to 
4 Materials and supplies Р 97447 

5 Other costs (attach schedule) . . . 

6 Tota! a! lines 1 through 80. 


7 Less: Inventory at end of year 
B Cost of goods sold and/or aperalions. Enter here and on tine 2 above 


Did you claim а deduction for expanses of an office in your home? . 


b THE POSSIBILITY OF SOMECNE TAKING 
ж 2 6955 Рой, THEIR OEPREUANON, WO DEPRECIATION (& CLAIMED HERE. 


аә, Вилер ШӘ 1 


— 529 


енетіні TET On Ал) 


the name under which you do it, (C and D) 
address, (Е) accounting method, (Н) 
inventory evaluation method, and (F and G) 
two bits of information you don’t have to 
worry about unless you have employees. If 
you're selling a hardware item, you'll need 
to evaluate your inventory, if any, but as 
most computer entrepreneurs sell computer 
services, we'll leave that question for those 
who sell hardware to examine. The com- 
puter entrepreneur with paid employees is 
rare, so we can assume that in most cases 
both F and G can be marked "No." 

The accounting method you choose in 
the beginning is the one you'll be stuck with 
forever, unless you file a request to change it 
with the IRS. If you choose a method other 
than ''cash" ог "accrual, that also must be 
cleared with the IRS, so most people select 
one or the other of the more commonplace 


Schedule С (Farm 1040) 1976 


SCHEDULE C-2.—Explanation of Lines 7 and 9 /T€/^ ^L. TAKES ANO CEPR/AS HERE 


methods. The difference between the two 
methods hinges on when you can claim 
deductions, etc. In the accrual method, 
payments and bills are taken into account 
when they are due, not necessarily when the 
money changes hands. Thus, you can claim a 
deduction for a business expense which fell 
due in December on that year's taxes even if 
you don't get around to paying it until Jan- 
uary. At the same time, if someone owes 
you money in December, you must pay your 
tax as if it had been received then, even if 
he/she doesn't get around to paying you 
until January (or June, for that matter). 
Using the cash method, bills and payments 
are taken into account when they are paid. 
Each method has its advantages and dis- 
advantages, but | would recommend starting 
with the cash method because of its sim- 
plicity. When you can afford an accountant 


SCHEDULE C-3.—bDepreciation (See Schedule C Instructions for Line 6) 


At you need more space, use Form 4562. 


4 Less amount of depreciation claimed in Schedule C-1, pagel. 
5 Batance—Enter here and on 


Entec information with regard to yourself and your five 
highest paid employees. 1а determemng the five highest 
pend em expense account allowances must be 
added to then salaries and wages. However, the isforma- 
Топ neeg not be submitted for алу employee for whom 
tae combines amount 15 less than $25,000, ог for your- 
salt d your expense account allowance plus lina 21, page 
1, is fess than 525,000. 


Bed you clalm a deduction lor expenses connected with: 


(1) Entertainment facility (boat, rest, anth, eic)? . . C Yes C) Ne. (3) Employees families at conventions or meetings? . . [] Yes C) Ne 


2) Living accommodations (except em on business}? Yes We (4 


ее ot family vacations nol reported on form W-2? Yes to 


di Ud, GOVERNMENT PRINTING OFTICE : тоз—О-21й-лт — a Dat 110 


Figure 2: Schedule C, 
back view. 
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Take an 


even BIGGER 


Вүсе!... 


Fully assembled DEC 
Writer ІІ Keyboard 
Printing Terminal at the 
sensational low price 
of only $1495! 


with the Heathkit H11 16-Bit Personal Computing System 


Based on the world-famous DEC 
151-11, the Heathkit H11 and it's 
peripherals are designed to give you 
all the power and speed you need for 
total computing versatility. It's one of 
the few FULL 16-bit personal com- 
puters available to hobbyists today, 
and equivalent commercial versions 
would cost literally thousands of dol- 
lars more! As with the H8 system, 
complete "program-ready'"' software 
is supplied: the Heath/DEC PDP-11 
software includes ED-11 editor; 
РАГ-115 retocatable assembler; 
LINK-118S link editor; Absolute 
Loader; ODT-11X debug; IOX LP I/O 
executive program; DUMP-AB-PO 
and DUMP-AB-PB; plus BASIC and 
FOCAL; and it executes the PDP-11/ 


40 instruction set! The software is 
supplied in easy-to-use paper tape 
format, perfect for the H10 paper tape 
reader/punch. And with Heath’s 
complete assembly manuals and 
software documentation, you have 
the most solidly supported computer 
system you'll find anywhere. Sink 
your teeth into it today! 


H11 LSI-11 16-Bil Computer ....$1295 
H11-1 АК Memory ..............275 
H11-2 Parallel Interface ..........95 
H11-5 Serial Interface ........ ..95 
H10 Paper Tape/Reader/Punch . .350 
H36 LA36 DEC Writer [| ..,.....1495 


If purchased separately, *3605°° 
Heath System Price $3350°° 


Prices are mail order net F.O.B., Benton Harbor, Michigan. 
Prices and specifications subject to change without nolica. 


FRE 


HEATH 


| ті | Heath Company, Dept. 334-370 
Sch С Benton Harbor, MI 49022 


Please send me my FREE Heathkit Catatog. 


Гат not on your mailing list. 


Nama. 


СР-135 21р 
ED LE (я Boon emm ова чї) Kei Ace ме TE CoU (сал эб ж ез. вз Иа эң Аза сс 1 
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Heathkit Catalog 


Read about computers and nearly 
400 other easy-to-build kits. 


ODD ————————— 


Tity Stat. 


Use coupon for 


mail-order 
4 catalog or bring " 
to store for 


retail catalog. 


‚ 
I 
І 
[ 
[ 
[ 

4 


AVAILABLE LOCALLY 


Visit the Heathkit Electronic Center 
nearest you (Units of Schlumberger 
Products Corporation) and see our 
Complete Computer Line. 
Parts and service available. All kits dis- 
played, and sold at slightly higher prices. 
ARIZONA — Phoenix, 85017 

2727 W. Indian School Rd. 602-279-6247 
CALIFORNIA 

Anaheim, 92805 

330 E. Bali Rd. 714-776-9420 

EI Cerrito, 94530 

6000 Potrero Ave. 415-236-8870 

Los Angeles, 90007 

2309 S. Flower St. 213-749-0261 

Pomona, 91767 

1555 Orange a ave: М. 714-623-3543 

Redwood City, 940! 

2001 Middlefield 126: З 415-265-8155 

Sacramento, 95825 

1860 Fulton Ave. 916-486-1575 

San Diego (La Mesa, 92041) 

8363 Center Ог. 714-461-0110 

San Jose (Campbell, 95008) 

2350 5. Bascom Ave. 408-377-8920 

Woodland Hills, 91364 

22504 Ventura Blvd. 213-883-0531 
COLORADO — Denver, 80212 

5940 W. 38th Ave. 303-422-3408 
CONNECTICUT — Hartford (Avon, 06001) 

395 W. Main St. (Rte. 44) 203-678-0323 
FLORIDA 

Miami (Hialeah, 33012 

4705 W. 16th Ave. 305-823-2280 

Tampa, 33614 

4019 West Hillsborough Ava. 813-886-2541 
GEORGIA — Atlanta, 30342 

5285 I0" Rd. 404-252-4341 
ILLINO 

Chicago, 60645 

3462-66 W. Devon Ave. 312-583-3920 

Chicago (Downers Grove, 60515) 

224 Ogden Ave. 312-852-1304 
INDIANA — Indianapolla, 46220 

2112 E. 62nd St, 317-257-4321 
KANSAS — Kansas Cily isset; 88202) 

5960 Lamar Ave, 913-362-4486 
KENTUCKY — Louisville, 40243 

12401 Shelbyville Rd. 502-245-7811 
LOUISIANA — New Orleans (Kenner, 70062) 

1900 кезе Memorial Hwy. 504-722-6921 
MARYLAN 

eu none: 21234 

1713 E. Joppa Rd. 301-661-4446 

Rockville, 20852 

5542 Nicholson Lane 301-861-5420 
MASSACHUSETTS 

Boston (Peabody, 01060) 

242 Andover St. [7 7-531-9330 

Boston (Wellesley, 02181) 

165 Worcester Ave 
«Бы 8 ыы west of Rit. 128) 617-237-1510 

Detroit (T 

18645 W. Eight т На. 313-535-6480 

Е, Datroit, 48021 

18149 Е. Eight Mile Rd. 313-772-0416 
MINNESOTA — Minneapolis (Hopkins, 55949) 

101 Shady Oak Rd. 612-938-63 
MISSOURI — St. Loula (Bridgeton) 83044 

3794 McKelvey Rd. 314-291-1850 
NEBRASKA — Omaha, 68134 

9207 Mapio St. 402-391- 2071 
NEW JER 

Fair die Y orato 

35-07 Broadway (Rte. 4) 201-781-6935 

Ocean, 07712 

1013 State Hwy. 35. 201-775-1231 
NEW YORK 
Bulfalo (Amherst, 14226) 
3476 Sheridan Or, 718- 835-3090 
Jericho, Long Island, 11753 
15 Jericho Turnpike 516-334-8181 
Rochester, 14623 
937 Jefferson Rd. 716-244-5470 
White Plains 
(North White Plains, 10803) 
Ce Rd. 914-761-7690 


OH 

Cincinnati (Woodlawn, 45215) 

10133 Springfield Pike 513-771-8850 

Cleveland, 44129 

5444 Pear! Rd. 216-886-2590 

Columbus, 43229 

2500 err? Rd. 614-475-7200 

Toledo, 43615 

48 S, Byrne us 419-537-1887 
PENNSYLVAN 

Philadelphia, А 19149 

6318 Roosevelt Blvd. apa енім 

Frazer (Chester Со.) 193 

630 Lancaster Pike (At. 30) 215-647-5555 

Pittsburgh, 15235 

3482 Wm, Penn Hwy. 412-824-3564 
RHODE ISLAND 

Providence (Warwick, 02886) 

558 Y atii сп Ave. 401-738-5150 
ТЕХА: 

Dallas, 75201 

2715 Ross Ave. 214-826-4053 

Houston, 77027 

3705 Westheimer 713-623-2090 
VIRGINIA 

Alexandria, 22303 

6201 Richmond Hwy. 703-765-5515 

Norfolk (Virginia Beach, 23455) 

1055 Independence Blvd. 804-460-0997 
WASHINGTON — Seattle, 98121 

2221 Third Ava. 206-682-2172 
WISCONSIN — Milwaukee, 53216 

5215 W., Fond du Lac 414-873-8250 


Circle 48 on inquiry card, 


to handle such matters, he/she can arrange 
to change methods if it becomes desirable. 

The section labelled income comes next. 
The total received by your business for sales 
of products and/or services goes on line 1. 
You may subtract from it any money lost 
through returned items, rebates and the like, 
but these aren't apt to arise in this business. 
Before completing the rest of this section, 
look at Schedule C-1 at the bottom. 

Line 1 of Schedule C-1 lists beginning of 
year inventory. If you're dealing in services, 
this should be 0, and H (at the top) should 
be “ло inventory." Line 2, similarly, will be 
0, since you haven't bought any items to add 
to a nonexistent inventory. Cost of labor 
(line 3) will also probably be 0, since you 
can't include your own salary or wage and 
you probably don’t have any other 
employees, Only lines 4 and 5 are likely to 
contain anything. Materials and supplies are 
the costs of the tapes, etc, on which you 
store a customer's data; the paper on which 
you write programs; the printout paper you 
use to output hard copy either during a run 
or to give the customer; the ribbon on your 
hard copy output device; and anything else 
in the way of purchased materials that is 
required for producing the service and/or 
hard copy you provide the customer. To 
play it safe, | always include here only 
documentable purchases of supplies made 
during the tax year and speli out the items 
and their prices so the total will make sense. 
On line 5 (other costs), show such costs as 
overhead expenses (eg: the cost of running 
the computer) and shipping costs (if you 
have to mail someone a printout, for ex- 
ample). 1 routinely leave line 5 blank, since 
it's easier to figure these costs with the 
other expenses of the same type under 
other business expenses {Sine 19). Total 
lines 1 through 5 to get line 6, Since you 
have no year-end inventory, line 8 should 
equal line 6. 

Now enter the total shown on line 8 
of Schedule С-1 on line 2 and subtract. 
Line 3 in the income section is then gross 
profit. Miscellaneous income if any (ге- 
covered bad debts, interest on business 
investment, etc) is line 4, and line 5 shows 
the total business income for the year. 

The section marked deductions (lines 6 
through 20) comes next. Depreciation (line 
6) is calculated and explained in Schedule 
C-3 on the other side of Schedule C. Deduc- 
tions for repairs (line 9) and tax on business 
property (line 7) are similarly itemized in 
Schedule C-2. Both depreciation and the 
other deductions mentioned in lines 6 
through 19 have been discussed above, but 
an examination of the deductions shown in 


lines 19a through 19j in figure 1 might be 
instructive. Line 19k, of course, is simply 
the tatal of these "other" expenses, and line 
20 is the total of all business deductions. 

You can always deduct the postage and 
telephone expenses your business involves. 
If you mail out a bill, an advertisement or a 
prospectus for your business, keep a record 
of the actual postage amount it requires. The 
IRS isn't interested in how many stamps you 
bought or an approximate figure. You must 
show dollars and cents actually spent for the 
business and nothing else. Unless you mail 
all business correspondence from a post 
office, getting a receipt for your stamps 
every time, this is a very hard deduction to 
document, but it can prove worth the effort 
since, with continually Increasing postage 
costs, a business can involve a sizable postage 
expense. Similarly, if you make long 
distance telephone calls for your business, 
they are deductible and your phone bill and 
cancelled check can provide some of the 
necessary documentation. Keep a record of 
the business phone calls you make, showing 
the date, the number called, what person or 
company was reached at that number for 
business purposes, and a rough note of the 
purpose of the call and the length of time it 
involved. This is particularly important if 
you're doing business by long distance tele- 
phone with a friend or a member of your 
family, since the IRS will inevitably wonder 
how much of the call was business related. 

Another item you can always deduct is 
any book, magazine or other work which 
you use as reference or research material. |f 
the publication's business related informa- 
tion has a useful life of less than a year, then 
its price is fully deductible; if its usefulness 
exceeds a year it becomes a depreciable in- 
vestment. For all practical purposes, it's 
rarely worth depreciating these references. 
In this field, information is apt to be out- 
dated in a short time, so you might as well 
deduct the whole price the year you buy the 
publication. Be careful, though, to oniy 
deduct publications which contribute to 
your business, and keep the publication as 
evidence both that you bought it (along with 
the sales receipt) and that it is business 
related. 

Advertising costs are also deducted here. 
This includes any expenses involved in 
preparing, printing and distributing adver- 
tising for your business. As usual, document 
the expenses as thoroughly as you can. 

To keep ali these records, record books, 
file folders and the like will be needed. 
These can be listed as supplies and their cost 
deducted here. Other supplies include any 
staples of your trade (tape cassettes, print- 


Routine repairs and 
maintenance of business 
property are deductible 
only if they do not in- 
crease the value, utility, 
or life expectancy of the 
repaired item. 


Continued on page 80 
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Letiers 


WANTED: MEDICAL APPLICATIONS 


| have been reading your magazine 
with great interest. | would like contact 
with any of your readers who are inter- 
ested in medical applications of com- 
puter technology, especially information 
on: 


(1) Electrocardiogram interpre- 
tation and details on conversion, 
A/D, D/A, with appropriate 
interfacing for Z-80 processor. 

(2) Software on any medical item 
especially diagnosis of endo- 
crine, ovulation disturbances. 

(3) Medicaid, Medicare, third party 
billing software. 

(4) Business software. 


Jonathan C Gibbs Jr MD 
Catholine A Gibbs 
Memorial Health Center 
75 Harrison Av 

Jersey City NJ 07304 


rs 


NEEDED: PROSTHESIS 
CONTROLLED ВҮ COMPUTER 


| would like to pose a problem to my 
fellow readers. Recently someone | 
know suffered a broken neck. He will be 
paralyzed from the neck down for the 
rest of his life. All he can do at present 
is to breathe, talk, see, hear, and nod his 
head. Someone is supposed to have on 
the market a microcomputer controlled 
wheel chair that is run by a breath or 
voice actuated terminal. It is not hard to 
imagine a keyboard that can be played 
like a harmonica, with optical switches 
set with reeds mounted on diaphragms 
to act as SPDT momentary contact 
switches. 

The problem is this: Given the cur- 
rent technology in motorized wheel- 
chalrs and electromechanical devices 
(such as articulated arms, spoon holders 
and page turners), develop a micro- 
computer operating system that can be 
entirely controlled from a breath acti- 
vated terminal. The operating system 
should not only control the chair, it 
should allow the operator to call up all 
of the usual microcomputer operating 
systems, such as BASIC and assembler. 
if the operator chooses to become his 
own programmer, then he should be able 
to teach his chair new tricks as well as 
using the system for entertainment. 

Remember also the limitations. A 


Мо Pei атны, 
Bu some mighty 


small switches. 


This 44 page catalog consolidates the complete line of C&K small 
switches intoa single. fact-filled, easy-to-read volume. It includes ev- 
erything you need to know about toggles, rocker and lever handles, 
printed circuit mountings, snap-acting pushbuttons, 6 AMP alternate 
action and momentary pushbuttons, subminiature and microminiature 
pushbutions, illuminated rockers, miniature power, slide, and 
thumbwheel switches— plus how-to-order information and a complete 
list of worldwide САК distributors. Ask for your free copy and we'll 
show you a million and one ways to turn on the juice. 

САК Components. Inc. 103 Morse Street, Watertown, МА 02172 
TEL: (617) 926-0800 TWX: 710 327-0460 TELEX: 92 2546 


Free Engineenng Sampies on Request 
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Circle 11 on inquiry card. 


wheelchair can only carry so many 
batteries. The operator cannot afford to 
be stuck with an expensive, one of a 
kind, poorly documented and іпПехіМе 
system; if he has a programming or hard- 
ware problem, he shouldn't have to go 
to a highly paid engineering consultant 
for a fix. If the wheelchair runs away, 
the operator can't get off; the system for 
operating the wheelchair should have 
enough checks and balances to prevent 
inadvertent injury. 

With the advent of the hobby com- 
puter, the time is ripe for victims of 
amputation and paralysis to take more 
control of their lives, 


Don Baker 
Gloucester Pt VA 23062 


You point out one of the most en- 
couraging and heartening effects of 
research In robotics: application of this 
technology ta improve the lives of 
severely handicapped people. 


IBM 5100 PLUG INS, ANYONE? 


We have an IBM 5100 32 K installed 
at our office, | have noticed many ads 
in your magazine for add on memory for 
other small systems, and wonder If any- 
one "out there" may have plug in 
memory cards to fit the 5100, | sure 
would like to hear from anyone who 
does. 


AD Phelps 

Hood River Distillers [nc 
POB 240 

Hood River ОК 97031 


NEEDED: INFORMATION ON 
COMPUTER CONTROLLED 
HYDRAULICS 


| am an amateur computer hobbyist 
interested іп computer controlled 
applications. 1 would like to know if 
you have any Information on sources 
of miniature or small scale hydraulic 
components. 


Peter Woodal! 

1645 DeMaisonneuve Blvd #609 
Montreal, Quebec 

CANADA H3H 2N3 


We do not have any information on 
this subject, but perhaps a reader might 
care to provided a tutorial on the control 
of hydraulic systems from computer 
outputs, As a component of practical 
robdtic systems, hydraulic technology 
might well be worth exploring. 


TOWARD SMARTER MACHINES 


Forgive me, but | feel a strong urge 
to comment on the statement made by 
Mike Rivers in the September 1977 
BYTE /Letters, page 180]. 

When people take a particularly 
strong interest in a subject, they gen- 


Continued on page 130 


HEH ES 


КШ 
Gellar 


Photo Т: The prototype 
board for the expanded 
digital voltmeter. 


Add More Zing to the Cocktail 


Last month (page 76) brought you a 
design for an 8 channel З 1/2 digit 0 to 2 V 
digital voltmeter (DVM) interface. The arti- 
cle introduced multiplexed analog data ac- 
quisition by means of a construction project. 

I’m sure that the majority of the readers 
who have built the DVM will be satisfied 
with the results. There is of course that small 
group of problem makers who don't believe 
the whole world exists in the range from 
0 to 2 VDC: a point well taken. 

Actually, | planned to expand the capa- 
bilities of the basic DVM all along. I'll 
elaborate in detail; the end result will be 
a DVM interface with these additional 
specifications: 


Super Cocktail DVM 
8 programmable input channels 
AC or DC capability 
pragrammable gain of 1, 10, or 100 
ranges of 0 to 200 mV, Ото 2 V, О to 20 V, 
or 0 to 200 V 
* input overvoltage protection 


| had hoped that by presenting the basic 
0 to 2 V interface first, more readers would 
attempt to build it due to its low cost. The 
extra capabilities presented this month can 


. "иы 


ШТ] 


be added directly to the previously described 
hardware interface. 


A Quick Review of the Interface Hardware 


This DVM is designed around the Moto- 
rola МС14433 3 1/2 digit low power com- 
plimentary MOS analog to digital converter. 
The MC14433 is a modified dual ramp inte- 
grating analog to digital converter with 
multiplexed binary boded decimal (BCD) 
output. With the resistor values chosen it 
will perform approximately 25 canversions 
per second, 

The full scale voltage value (ie: the value 
represented by the 31/2 digits after any 
input voltage division} is set by ап МС1403 
voltage reference integrated circuit. With 
2.000 V applied to the Vper input of the 
MC14433, full scale is +1.999 V. If 0.200 V 
is applied, full scale would be £0,1999 V or 
4199.9 mV. 

The MC14433 can directly drive one 
LS TTL load. Since not all paraliel input 
ports are LS TTL compatible, 74LS04s act 
as buffers and drivers on all digital voltmeter 
integrated circuit output pins. Data output 
is of course inverted and must be comple- 
mented before use. 


Steve Ciarcia 
POB 582 


Glastonbury CT 06033 
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Figure la: The modified digital voltmeter, an expansion of last month's basic design. Changes include the addition of an input 
multiplexer, made up of eight dual in line package reluys, and IC9, a 1 of TO decoder. The modification allows the voltmeter to 
handle a wider variety of input voltages, both AC and DC. Alf resistors are 596 1/4 W, and all capacitors are 100 V ceramic, 
unless otherwise indicated. 
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The data from the digital voltmeter to 
the computer is serial and parallel. There 
are four digit select lines and four binary 
coded decimal (BCD) data lines: 


ріп 23 03 (Most significant bit} 
pin 22 Qo 

pin 21 О BCD, digit value outputs 
pin 20 Qo 

ріп19 DS1 (Most significant digit) 
pin 18 052 

ріп 17 053 Digit select outputs 

pin 16 054 


With respect lo what the computer sees 
through the 741504 butters, the digit select 
output is low when the respective digit is 
selected. The most significant digit (1/2 digit 
DSi) goes low immediately after an end of 
conversion pulse followed by the remaining 
digits sequencing from the most significant 
to the least significant digit. An interdigit 
blanking time of two clock periods is in- 
cluded internally to ensure that the BCD 
data has settled. 

During the 1/2 digit (DSI), the polarity 
and certain status bits are available. Polarity 
is on Qo» and a | will indicate negative. The 
1/2 digit will appear on Q3 and a I will 
indicate high. 


Enhancements to the Basic DVM Interface 


Photo I and Figure ] illustrate the fully 
modified DVM interface. It retains the basic 
interlace structure outlined last month, but 
wnh same additional goodies. The interface 
is designed for attachment to decoded 8 bit 
parallel input and output ports and can be 


-12 TO -I7 V -5V 


Figure Ib: A circuit enabling the experimenter to derive —5 VDC from an 
existing power supply having any output from —12 to —17 VDC, —5 VDC 
is needed to power the various CMOS switches used in this design (see fig- 
ure їс). 


Figure Ic: Pin diagram of a Sigma relay, type 191ТЕТА2-55 14 pin dual 
іп line package. 


І 
: АХ INPUT 
AX OR AY i 
OUT т 
Li 
! - eT) ay INPUT 
CTRL | ! 
INPUT | ! 
1 SPOT N CTRL | OUTPUT. 
2-5 О АХ 
І AY 


Figure fd: Functional description of one switching section of a CD 4053 
CMOS switch. The device acts like a remote controlled single pole double 
throw switch. Continued on page 44 
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Ohio Scientific advances 


the state-of-the-art 


of small computers. 


From our inexpensive 8K BASIC in ROM Challenger IIP to our powerful triple processor 
Challenger ІІ, Ohio Scientific offers a full range of products that are technologically 
superior to anything available on the market today. 


Challenger IIP from Ohio Scientific is our unique 
personal computer with BASIC in ROM and 4K RAM 
for programs in BASIC. 

Complete with audio cassette interface and a fuli 
computer keyboard, Challenger IIP can be connected 
to a home TV via an RF converter and it's ready to go. 

Challenger IIP comes fully assembled and tested 
for only $598.00. 


11679 Hayden * Hiram, Ohio 44234 
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Challenger 1! 
from Ohio Scien- 
Wie tific is a disk 
» 7 based computer 

? capable of stor- 
.— ing up to 500,000 
** bytes of informa- 
tion on an Ohio 
— “Scientific dual 
-== drive floppy disk. 

Challenger 11 comes with 16K of RAM (the disk 
BASIC is automatically loaded into the computer so 
there is no need for ROM's) and our powerful Disk 
Operating System (DOS) which allows the computer 
to perform big computer functions like random ac- 
cess, sequential and index sequential files in BASIC, 
and ГО distributors which support multiple terminals 
and industry standard line printers. 

And best of all a 16K Challenger ІІ with serial inter- 
face, single drive floppy disk, (250,000 bytes) BASIC 
and DOS costs only $1,964.00 fully assembled. 


Challenger Ш 


Challenger lll from Ohio Scientific is the revolutionary, new triple processor 
computer that allows you to run programs written for the 6502A, 6800 and 2-80 
processors. 


Incredible as this is, a disk based Challenger ІІІ costs 


only about 10% more than conventional single processor 


microcomputers. A 32K Challenger III with а 
serial interface and a dual drive floppy disk 
assembled and tested costs $3,481.00. 


For more information send for our 
Free, short form catalog, or send $1 for 
our 64 pg. Small Computing Buyers Guide. 


Meet Challenger IP 


from Ohio Scientific. 


Unlike any other personal computer available today 


Complete with BASIC in ROM and 4K RAM, 
Challenger IIP is the ideal computer for programs 
in BASIC. 

BASIC is there the instant you turn the computer 
on with a full 32 x 64 character video display. 
Challenger IIP also comes with an Audio Cassette 
Interface for program storage. The user simply con- 
nects a Video Monitor or a TV via an RF Converter 
(not supplied) and the machine is ready to use. 

Challenger ІР is ideal for both the home user 
who is new to computing or the experienced user 
who wants expansion capabilities. Challenger ИР 
comes with a four slot backplane and is expandable 
via the full Ohio Scientific product line, which in- 
cludes 15 system boards offered in over 40 different 
versions. 

Ohio Scientific has always maintained upward 


expandability from old models to new models, 
which is nice to know considering the rate at which 
technology is constantly improving. For example, 
Ohio Scientifics original 400 series products can 
be plugged right into the new Challenger ТІР. And 
Ohio Scientific has 2 years of experience in build- 
ing personal computers, so we're not new to this 
business unlike some of our competitors. 

Complete with a full computer keyboard Chal- 
lenger IIP comes fully assembled for $598 from 
Ohio Scientific. 

Check the chart below and compare Challenger 
ПР with other BASIC in ROM computers. Unlike 
other personal computers, Challenger IIP has a 
much greater capacity for expansion and the capa- 
bility to perform big computer functions with all of 
its big computer features. 


Оо Scientific Other BASIC in ROM 
Challenger HP Computers 


Processor 

Clock 

Display (Lines/Characters) 
Keyboard 


6502A 
32/64 


Display Characters 

Lower Case 

Plotting 

Audio Cassette Interface 

BASIC 

String Functions PEEK, POKE, User 
Machine Language Accessible 
Optional Assembler/Editor 

Disk Option Available Now Yes 
In Case Memory Expansion Ability 36K 
Expansion Boards Available Now | 15 


256 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 


1 or 2 MHz 


Full Computer 
(Capacitive Contact) 


8K By Microsoft 


6502 or 2-80 

slower 

25/40 or 16/64 

4 Function 

Calculator Type or Full Computer 
(Mechanical Contact) 

128 or 64 

No 

Yes 

Yes 

some have only 4K BASIC 
Not Always 

Not Always 

No 

No 

Less 

None 
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Introducing three boards only 
Ohio Scientific could build. 


Ohio Scientific provides 15 system boards offered in over 40 different versions for Ohio Scientific Com- 
puter users. All of the boards are compatible with Ohio Scientific systems and many of them are by far 
technologically superior to any other microcomputer products on the market. And Ohio Scientific has the 
technology that made them possible. 


500 CPU Board 


This board gives you our ultra-fast 8K BASIC in ROM 
with plenty of user workspace (4K RAM) for as little as 
$298.00. Use it as a standalone or as the CPU ina large 
system. BASIC is there the instant you turn it on. And 
in the October issue of Kilobaud Magazine, our version 
of 8K BASIC came out the winner in a BASIC timing 
comparison test of all of our competitors. The 500 is the 
fastest around! 


510 Systems CPU Board 


This is our unbelievable triple processor board! Com- 
plete with the 6502A, 6800, and 2-80 processors, this 
board allows you to run virtually all programs published 
for small computers. Available in the Challenger Ili, the 
510 board is ideal for industrial development and re- 
search applications. There isn’t another triple proces- 
sor board like the 510 anywhere, except at Ohio 
Scientific! 


560Z CPU Expander Board 


The 560Z board is our multiprocessing board with a 
2-80 and 6100 chip. This board allows you to run 
several processors simultaneously and the 6100 chip 
lets you run powerful PDP8 software with the 5602. The 
5602. board is the only multiprocessing board available 
for small computers, and Ohio Scientific makes it! 


These three state-of-the-art CPUs are only a small part of the picture. Ohio Scientific’s advanced tech- 
nology offers you other unique features such as Multiport Memories, Distributed Processing, Big Disks with 
up to 300 megabytes on line, and Advanced Software. 


| | 
| ) | 
L| i | 


11679 Hayden * Hiram, Ohio 44234 
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Announcing the most 
advanced disk 
anywhere for *6,000 
The 74 megabyte disk 
from Ohio Scientific 


C-D74 from Ohio 
Scientific is the ultimate 
storage device for small 
computers. 

The C-D74 is the first 
Winchester technology disk 
for small computers making 
big system technology af- 
fordable and reliable for the 
small system not under 
maintenance contract. 

The disk uses a non-re- 
movable sealed chamber 
drive with a unique rotary 
positioner to provide the 
highest performance disk 
available today. 

The Ohio Scientific 
C-D74 can store all the 
records of a medium size 
company for instant access. 
And the Winchester tech- 
nology of the C-D74 means 
that the drive can run 24 

hours a day without worry 
of disk wear. 
There are other important 
C-D74 applications in business 
computing and research in computing 
itself. The disk makes small computers 
practical for much larger jobs than 
formerly thought feasible, particularly since most business computing is 
disk bound and not computer bound. 
C-D74 provides an unbelievable 35 millisecond average access time 
to any of 74 million bytes of information. With a 10 millisecond single 
track seek, the drive has an incredible data transfer rate of 7.3 megabits 
per second. 
Recommended minimum hardware for the C-D74 is a Challenger 
with 32K RAM and at least 8K on a Dual Port 525 board, and a single 
or duai-drive floppy disk. 
The drive , cable, interface for an Ohio Scientific Challenger and 
OS-74 operating system software is $6,000 FOB Hiram, OH. 
Equipment rack shown not included. 


OHIO SCIENTIFIC 
DEALERS 


Americen Microprocessors eve Gompatyr Stare 
Equipment & Supply Carp, 4540 


20 N. Milwaukee Ave белі: NE p) 27 
Prarieview, If 60069 (402) 592-3580 
1312) 634-0076 

Century 23 


4566 Spring Mountain Ad. 
Las Vegas, МУ 89102 


Computer Business 
AR 224 


Box 910 

Joplin, MO 64801 
Computer Hobby Shap 
4450 Trinity Avenue 

Salt Lake City, UT 84120 


Сатриіег Mart of New York 
118 Madison Ave. 

New York, КҮ 10010 
(212) 686-7923 
Computer Power 

Р.0. Box 28193 

San Diego, CA 92128 
{714) 746-0064 

Delaware Microsystems 
92 E Mat 51. #1 
Newark, DE 19711 

(3021 738-3700 

Desert Date 
Microcomputer Sales 
PO Box 1334 

Tucson, AZ 85702 

(602) 623-6502 

HB E deg RA 

217 East Main St. 
Charlottesville, VA 22903 
(804) 295-1975 
Microcomp 

P.O. Вох 1221 
Fend-Du-Lac, WI 54935 
1414) 922-2515 
Microcomputer Workshep 
234 Tennyson Terr 
Williamsville, NY 14221 
(715) 634-6844 


Арасу Data Tek-Aids, Inc. 
P.O Box 278 1513 Crain St. 
Oil City, РА 16301 Evanston, IL 60202 
меат Be Consustunts (312) 328-0110 

деп Yingce, Inc. 
East Williston, NY 11556 2 World Trade Cnir. 
1516) 746-1079 Penthouse 107th Floor 
BRAG Microcomputers New York, МҮ 10048 
19 Cambridge 51. (212) 775-1184 


Rochester, NY 14607 
(216) 442-5861 

Computer Bualness 

P.O. Box 171 

LaPorte, ІМ 46350 

{219} 362-5812 

Johnson Computer 

P.O. Box 523 

Medina, OH 44256 

(216) 725-4560 

Omega Computing, Ltd. 
Box 220, Station P 
Toronto, Ont. M5S 287 
1415) 424-2174 

Pen Atlantic Computer Systems, GmbH 
61 Darmstadt 
Frankfurterstrasse 78 
West Germany 

108102) 3206 

Secom Systems 

541-1 New Peach Tree Rd. 
Chambiee, GÀ 30341 
(404) 934-3272 
qae Technology Services 


Palos Verdes Estates, CA 90274 
Systams Engineering Enterprises 
Suite 307 
178 МШ fike 

ockville, 0852 


Өй ) 468- iaa 


The state of the art in small computers. 


call 1-216-569-3241 
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EOC enable or disable 


B6 = AC or ОС select 


B5 = 2.0 V or 0.2 V Vnef select 


44 


w | d d 


polled by a machine language subroutine. 
More on this later. 

The following is a summary of the inter- 
face by port allocations. (Note: | have 
assigned particular octal port numbers to 
each byte. These designations will run 
directly with the software driver provided. 
If the reader wishes to assign some other 
port numbers, this is fine, but remember 
to modify the driver software to reflect 
the changes.) 


Command Output Byte (Port 003 Out) 
(Disable = 0 Enable = 1) 
(AC = 0; DC = 1) 
(20V = 0; 02V = 1) 


= Gain Code B4 Вз | Gain 
- 0 о x1 
= Channel select, 0 to 7 о 1] x10 
о 0 X100 
1 1 N/A (will result in X 1) 
Status Input Byte (Port 002 In) 
Not used 


Out of range 


End of conversion 


1st digit 

2nd digit 
3rd digit 
4th digit 


BCD digit value 
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a M > Vin > 1.999 V | 
—199.9 mV > Vin > 199.9 mV 


Data Input Byte (Port 003 In) 


Most significant digit: when low true = B7 = 0 


B6 

B5? N/A 

B4 

B3 = 1/2 digit value 
B2 = Polarity 

B1 N/A 

BO = Ranging status bit 


The most obvious change to the newly 
modified DVM board is the input multi- 
plexer. Up to this point all the inputs 
were multiplexed through a CMOS CD4051 
integrated circuit. This device performs quite 
satisfactorily for inputs in the range of 0 to 
2 М. The maximum input voltage range it 
can handle is limited by its supply voltage 
(in this case +5 V). Even if the supplies were 
increased to +9 V (18 V absolute, which is 
the maximum supply for a CD4051B) a 
separate voltage divider would still be 
required at each input channel to keep the 
applied voltages within safe limits. To 
have a 0 to 200 V range selectable unit 
incorporating a CD4051 input maximum 
would require having eight separate pro- 
grammable dividers and an overvoltage pro- 
tection circuit on each channel in case the 
wrong divider values are chosen. 

The preferred approach is to have only 
one divider network and one overvoltage 
circuit, but such an alternative requires that 
the input multiplexer be capable of handling 
all input voltage levels from 0 to 200 V! The 
answer is to use relays. Not the big 10 A 
clunkers you see in surplus catalogs, but the 


Photo 2: The Sigma dual in line package re- 
lay, type 191ТЕ1С2-55, similiar to that used 
in the design of the expanded digital volt- 
meter’s input multiplexer. 


new generation of (dual in line package) reed 
relays such as the Series 191 by SIGMA (see 
photo 2). These particular relays can be 
driven directly by TTL logic, exhibit max- 
imum 1 ms bounce, and have a rated life of 
100 million operations. 

The new input multiplexer section con- 
sists of dual in line package relays RL1 
thru RL8 and a 1 of 10 decoder, ІС9. When 
a latched output port 3 bit channel address 
is impressed on the input lines of 1C9, it 
puts a 0 voltage level on the output pin 
corresponding to that address and pulls in 
the proper channel select relay. The outputs 
of all eight relays are wired together and are 
next directed to the overvoltage and gain 
divider circuitry. 

The input impedance of the DVM chip is 
very high (on the order of 1000 МӘ). 
Placing a 1 MQ resistor in series with the re- 
lay outputs facilitates the addition of protec- 
tion circuitry without compromising the 
interface's capabilities. This current limiting 
1 MQ resistor and two back-to-back zener 
diodes limit the absolute voltage seen by the 
MC14433 to about +4 V (The MC14433's 
absolute limit is its power supply range, even 
though its usable input range is +2 V.). If 
the correct gains are chosen and рго- 
grammed to the interface, this protection 
should never be required. But, no one is 
perfect. 

іп addition to this function, the 1 МӘ 
resistor is one leg of a programmable divider 
network. Figure 2 shows the input sub- 
system in simplified terms. An AC to DC 
converter is also included and will be ex- 
plained later. SW1 and SW2, parts of IC8, 
represent the gain selection section. The 
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Figure 2: А simplified 
representation of the input 
section of the expanded 
digital! voltmeter. Тһе 
amount of gain and the 
AC to DC conversion op- 
tion are selectable by 
means of CMOS switches, 
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Ac TO ОС 
CONVERTER 


GAIN 


SELECTION OVER VOLTAGE 


switches are illustrated in a unit gain DC 
input mode. When an Input relay is clased, 
its applied voltage is sent directly to the 
DVM integrated circuit input through the 
1 M&2 resistor. The AC to DC converter is 
switched out of tho system and with both 
SWI and SW2 open, na dividers are in the 
circuit. If 1.400 V is applied through a 
closed relay, the DVM will read 1.400 V for 
that channel. If, an the other hand, 150 V is 
suddeniy switched in on another relay with 
this SW1 and SW2 setting, the chips would 
be fried were it not for 71 and Z2. At 
voltages of less than 4 absolute (+4 V) the 
diodes do nothing. When inputs exceed this 
absolute value, Z1 and Z2 clamp them to 
4 V. The data acquired by the computer 
will indicate an out of range condition, since 
it 15 over 2 V, but at least it will not have 
evaporated. 


How Do We Read Q to 200 V Inputs? 


Closing switch 2 forms a 10:1 divider 
network. If 8 V is applied and switch 1 is 
closed, the result is: 


8 
"^t (cruz) ® 


8 
7 Gar ма) ХПК 


0.799 V 
z 0.800 V 


As you can see, the result of closing SW1 
and applying the 111 K resistor is to divide 
the 8 V by 10 to get 0.799 V. Proper trim- 


RLI INPUTS 
o—— ]CHANNEL | 
RL2 
o——<"_] CHANNEL 2 
RL3 
о-----С JCHANNEL 3 
RL4 


o——<_] CHANNEL 4 
RLS 


e— — — CHANNEL 5 
RL6 
-----<СІСНАММЕК 6 


RLT 


12 
IN7TSQA 


e— — —« } CHANNEL 7 
RLB 
9— — —« ] CHANNEL 8 
nm 
INPUT RELAY INPUT 


MULTIPLEXER 
PROTECTION 


ming of this 111 K resistor will give an out- 
put of 0.800 V, This value is compatible 
with the DWM integrated circuit input 
range, and when read by the computer, will 
be equal to 0.800 V. The programmer 
should keep in mind that a divider is used on 
this channel and should multiply the result 
by 10 to obtain 8.00 V, 

Closing switch 2 forms a 100:1 divider. 
The mathematics is the same except that 
the divider resistor is 11.11 K instead of 
111 K. An 8 V input appears at the DVM 
input as 0.080 V, while 150 V becomes 
1.500 V. 


AC to DC Converter 


An additional bonus of this interface 
is AC to DC conversion on any input chan- 
nel. Figure 3 shows the schematic of the 
AC to DC converter section of the inter- 
face. Bit 6 of output port 003 controls the 
application of this function. When it is high, 
SW3 and SW4 are in the positions shown in 
figure 2. In this state the AC to DC con- 
verter is switched out of the circuit and the 
DVM gets its input directly from the divider 
section. When bit 6 is programmed to be a 
low level, switches 3 and 4 switch to their 
alternaté positions and route the input 
signal from the divider network through 
the AC to DC converter. The resulting signal 
is equal to the average RMS value of the 
applied input signal. This is basically the 
same type of circuit as the kind included in 
many single channel digital meters. 

The AC to DC converter consists of three 
sections of an LM324, IC10. ІСТОА is a high 
impedance input buffer with variable offset 
adjustment. When the converter is switched 
into play, it must have a high input im- 


Volumes 


VI & VII 


are finall 
released! 


Volume VI 


Yes and it still contains what was previously 
advertised. A fully disk interactive business 
package with A/R, Inv., A/P, ledgers, tax totals, 
payroll records, more. 


As a bonus it also со жа d Manual for 
our Firmware Ledger package ndis 1 Ё 
pages contain report formats, file creation гди- 
tines and our very powerful program ACBS1 used 
to create the powerful file structured data base. 


$49.95 


Volume VII 


Here is that Chess program you have been 
waiting for as well as a disk interactive Medical 
Billing package with patient history file. 


Also included is our disk interactive Word 
Processing package 
(revision Q). 


і $39.95 


Add $1.50/Val. for U.P.S. and handling except to APO and РО addresses. 
Foreign orders add $8/Vol. for air shipment — US dollars only. No purchase 
orders over $50. 


VOLUME | — $24.95 
VOLUME П — 24.95 
VOLUME Ш — 39,95 
VOLUME IV — 9.95 
VOLUME V — 9.95 


OUR SOFTWARE IS COPY- 
RIGHTED AND MAY NOT BE 
REPRODUCED OR SOLD. 


Due to the numerous copyright violations on 
our ваг|ег volumes — until further notice we 
are offering & REWARD leading to the arrest 
snd conviction of anyone reproducing our 
software in ANY way without our written 
permission. This includes diskettes, paper and 
magnetic tape, cassettes, records, paper 
etc. 


SCIENTIFIC 
RESEARCH 


220-B Knollwood 
Key Biscayne, FL 33149 


Phone orders (800) 638-9194 
Information 305-361-1153 


AVAILABLE AT MOST COMPUTER STORES 


10% discount on purchases of entire set. Offer expires December 30, 1977 


BANKAMERICARO 


honored 


BYTE January 192: 47 


INPUT BUFFER 
%5У 


10K 
OFFSET 
ADJUST 


ac [> 
Figure 3: Circuitry of the INPUT 


AC to DC converter used 
by the digital voltmeter. 
All resistors are 1% except 
where shown. 


RESISTORS ARE PREFERABLY 
1% FOR MAXIMUM ACCURACY 


pedance to avoid loading down the divider 
network. ІСІОВ is the actual AC to DC 
conversion section. Its output is a current 
proportional to the AC input voltage. 
IC10C converts this current to a voltage and 
provides ripple fillering. One consideration 
to keep in mind is that, since this is a multi- 
plexing analog to digital converter, the usual 
DC blocking capacitor at the input of the 
AC to DC converter has been removed. 
Given the particular circuit impedances 
and desired frequency range the converter 
should cover, the input capacitor had to 
be removed because it couldn't respond 
quickly enough. The result is an AC to 
DC converter that will pass both AC and DC 
signals; only the AC converted signals should 
be used, however. 

When a 1.0 V peak AC signal (60 Hz) is 
applied to the converter, the output should 
be 40.707 VDC. If by accident the AC 
converter is switched into a DC signal, the 
output of the converter will be 1.414 times 

5w5 the true DC input. Keep a close watch 
с о оп your program command byte to the 
interface. 


MCI403 
REFERENCE 


DUAL RAMP INTEGRATION 
TIME CONSTANT NETWORK 


(NOT ALL PINS ARE 


SHOWN) 6.8K 


ІСІ 
MCI4433 


ек 


Figure 4: A simplified detail of figure 1, showing the Vref and integration 
time constant circuitry. 
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AG TO DC CONVERTER 
жт--------“- - 


RIPPLE FILTER 


d 


GAIN TRIM 
ADJUST 


OUTPUT 


NUMBER | TYPE *5V | -5У 
ШІЕСІЛЕНІШ 


Adding а 199.9 mV Range 


Up to this point we have discussed addi- 
tions to the basic circuit that allow range 
selections of 0 to 2 V, О to 20 V, and 0 to 
200 V. Circuit changes can be incorporated 
to extend the DVM range in the opposite 
direction. Figure 4 illustrates the voltage 
reference and range selection setup of this 
interface. The MC14433 can also be con- 
figured to cover a range of 0 to 5199,9 mV, 
When bit 5 of port 003 is low, switches 5 
and 6 are in the positions shown. A ratio- 
metric converter has a range determined by 
the applied Vger, which would be 2.000 V 
in this instance. With SW5 open, the inte- 
grating time constant is set by usinga 470 К 
resistor (formed by the series combination 
of 443 K and 27 K). With bit 5 set to a 1, 
the converter changes its Урар level to 
0.200 V and its integration resistor to 27 K. 
These changes are the only ones necessary 
for O to 0.2 V range selection. 


A Less Complicated Driver 


The driver was explained last month in 


detail. It was designed to be as fast as possi- 


bic. The relay multiplexer added this month 
unfortunately cannot operate al that speed 
without modification. | have included a new 
driver subroutine written especially for this 
application (see listing 1). 

The interface driver is a relocatable sub- 
routine which is polled by a call instruction. 
The driver is written for page 140 (octal) but 
is easily relocatable. It occupies less than one 
256 byte page of memory and is written for 
the Z-80 processor. IL is especially designed 


WE BUILD QUALITY AND 
USER VERSATILITY INTO 
EVERY “BLUE BOARD”... 


Kit (еза EPROM * 5495 
Kit with 8-1702A {1 и) 104,98 
Kil with 18-1702A [1 ие) 144.85 


M844K Memory Board 
Kil with АК 450 ns 100 mw НАМ — $109.95 
Bare PC. Board 20.95 


MBG 8K Memory Board 
Kit with 6K 450 ns 100 mw RAM 5199.95 
Bare PC. Board 20.05 


МВ7 16K Memory Board 

КИЛ 4K RAM 3187.95 
Kit with 8K RAM 295.00 
Kit with 16K RAM 525.00 
Bare PC. Board 29.95 


And, we build just 
MBB 8K/18K EPROM Board about any board you!ll 
tuer зне Want for S-100 bus expansion. 


When you're thinking about expansion 
MB? Stalla "ROM/RAM Board look to the Solid State Music "blue 

| boards:’ You'll find quality and user versa- 

tility built into every one allowing you to ex- 

pand your system in whatever direction you 

choose ... and, меме been doing it for years. 


Мы emer aas Right from the start we design our boards with our 
Stra Rc. Gon дөн customers in mind. Extra features are added that will 


| aid іп expansion, not hinder program design and devel- 
opment. All first class parts are used and they're checked 
VB1 Video Interface Board to make sure you have years of trouble free operation. Plus, 
ÜLenc Bona 2008 every kit comes complete with assembly instructions and user 
information to make assembly a snap and operation a pleasure. 


Talk to your dealer today to get more facts about the "blue boards" 
or write direct. Compare prices, quality and features. You'll find out 
581 Music Synthesizer Board why more and more people are using Solid State Music “blue boards” 
Kit with paper tape ої MUS-X! 819995 for their S-100 bus expansion. 


SPECIAL BONUS OFFER 
An 8080 Monitor for 


я 1/2 ргісе!!! 
104 2-Parsilel and 2-Sarial 
Іпри/Ошри Bowe 25 If you buy any of the Solid State Music 
kits or assembled boards you'll receive 
ssyembied boards ањо available а SSM8080 Monitor complete with ei- 
AA suena етсек ther eight 1702's or two 2708's and over 


50 pages of software information. A 
$49.95 retail value... just $25.00. Hurry! 


® о ретот 


Solid State Music 
2102A Walsh Avenue 
Santa Clara, CA 95050 


Circle 101 on inquiry card. (408) 246-2707 Мете the blue boards 


Listing 7: Ап assembly 
language program for 
driving the МСІ4433 
3 1/2 digit analog to 
digital converter, written 
for the 7-80, 
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AGUD 
140002 
Pano’ 
1400090 
есекке 
LAGOGO 
140000 
ИСТОТО 
140000 
ША 
Lata 
baci. 
140005 


Ж ИТИ 


pagar. 
(40924 
140022 
1460360 
145003 
140034 
146054 
L40040 
110040 
140040 
149040 
146041 
140043 
140043 
140043 
140043 
140043 
140043 
140044 
t40047 
140051 
140004 
L40060 
1400657 
140053 
140085 
140667 
140071 
140071 
140071 
140071 
140073 
140076 
140100 
140103 
140105 
140107 
14019? 
140107 
14010? 
140111 
140113 
140115 
140117 
140121 
140123 
140123 
140123 
140123 
140125 
140139 
140131 
1401232 
140133 
140154 
140136 
140140 
140142 
140144 
140146 
140146 
140144 
140146 
140147 
140152 
140152 
149152 
140152 
140154 
140107 
140141 
140164 
140144 
140144 
140164 
14016a 
140171 
140173 
140176 


^90 
200 


Фе 


209 
06 
ооф 
carer) 


P 
ос 
ооо 
O09 
000 


200 
009 


515 
415 
446 
335 


OO 


"йо 


04] 140 
2507 
040 140 
041 OOO 
одо 


043 
043 
931 


232 140 


157 000 


010 
2432 140 
017 
157 001 


010 
232 140 
917 
147 007 


140 


04020 
оз! 
94 
9440 
ойы 
04/0 
ЕР 


nir "uu 
ӘН” Tau 
сөк ba 
Peo кап 
"кан ШІ 
% 
% 
+ CPA ETE 
* 
"Нет пы 
"шщ 
UHAN! uu 
1 
осу tij 
ны 
heads uW 
Ж ты 
S ОНАМ Iu 
иш 
нл!» иш 
пы 
CHANG пы 
іш 
CHAE’ Thu 
1 
+ 
€ 
* 
онан ин 
rer іш 
1 
5 
$** START če 


o5uo0 
оз» 
06500 
0910 
9920 
9940 
9940 
99 
9940 
0970 
о9н0 
0994 
9990 
1000 
100% 
1010 
Lovo 
1930 
1040 
1950 
1050 
1070 
1080 
1085 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1440 
1450 
1440 
1470 
1480 
1500 


1510 


1920 
1530 
1540 
1550 
1560 
1570 
1980 
1590 
1600 
1510 
1420 
1630 
1440 


4 ШАҒА [INE 
Н РАТ T 
a eats 
эө кли H 
әсе UL Е 


Ur CURT aati 
MEUL PIST ite Wy 


CREE) Fs E enims d 
н: ВЕТ 
tite THEOL 


CUblbdlNET. Din BUELI IS 


Cares 


қуаны 
өз, 
АТАН) 


20009 
OD 
ооо 
ао 


MIN 


INTE In MILAT HATO ИТЕК 


9 Uli NE 


CHONNE 


ЖЕШКЕН 


900009 COMMAND CHANNEL. ГАЕС АМЕ TEI 


осим RILE 


% 
* 
Sfhkd Uh Ark 
ПИП ки 
Aun 007; 
| HH ойнама 
Ile FX v ENG? 
Li [reo 
Fa е 
SLA H CALCULATE KURFER UFFSET 
SLA E 
лп PX Lil 
Li 
ж SELECÓ CHANNEL AND STAIST. CONVERS LON 
* 
iu Hes SEF CYCLE. COUNT 
SESC tl AECE: 
OUE COF SELECT CHANNEL 
CALL HELAY 
Ofc EEUC ENABLE KOC OUTFUI 
out COF COMMAND ACh CONVERTER 
А 
* WATT TOR көс 
ж 
WEOC lN Sib REAL CONVERTER STATUS 
КІГ OsÀ TEST FUR ROG 
Jk 2ЭМЕОС JUMP IF NOT REALLY 
DJNZ SCSC 
HIT 15:0 TEST FOR OVERANGE 
dk NZeuveR JUMP IF TRUE 
* 
* CONVERSION [DONE FROCESS FIRST (MSO) DIGIT 
* 
“SHO LE e200 SELECT DIGIT 1 
CALI. ROG WAIT ANG READ HIGIT 1 
CEL 
RECA RIGHT JUSTIFY DIGIT VALUE 
RRCA 
ккса 
АМП 1 ISOLATE 
IRU EO INITIALIZE STATUS КҮТЕ 
БІР 288 TEST FOLARITY 
JK 828503 JUMF IF FOSITIUE 
ID E,200 LOAD FOLARITY SIGN 
* 
ж SAVE. MSI амп CURRENT FOLARITY 
x 
MSn3 ак E ADD FOLARITY SIGN FO ASD 
Ci S1X+0) "А SAVE IN TATA BUFFER 
x 
% PROCESS ONE WIGIT 
* 
КБС К SELECT DLGIT 2 
CALL RBID WAIT AND REAL DIGIT 
ANTE 017 ISOLATE 
ір «ІХЖ1),А STORE SECOND LIGIT 
Ж 
ж FROCESS 3RD BIGIT 
ж 
ККЕ H SELECT 2и ШІСІТ 
CALL REIG WAIT AND READ DIGIT 
AND 017 ISOLATE 
LD C1X4#2) на STORE 
* 


Listing 1, continued: 


1401748 1850 ж PROCESS 4TH DIGIT 

140174 1440 ж 

140174 313 010 1879 RRE B SELECT 4TH DIGIT 
140200 315 232 146 1480 CALL RUIG WAIT AND READ DIGIT 
140203 344 017 1690 AND 617 TSOLATE 

140208 335 147 003 1700 Lo (ТХ+3),+б STORE 

140210 311 1710 RAPUP RET 

140211 1729 Ж 

140211 1740 ж LOAD 2,090 OVERRANGE VALUE INTO DATA BUFFER 
140211 1740 ж 

140211 076 002 1750 OVER Lo Ar2 LOAD HSU VALUE 
140213 345 147 090 1760 Ln LIXO) А 

140214 257 1770 хок А 

140217 345 147 001 1780 LD (ІХ+1) ва LOAD LSU VALUES 
140222 335 147 002 1770 Lo СІХ+27 А 

140225 435 147 ООЗ 1800 ШІ «ІХЖАЗУА 

140220 030 356 1810 JR RAFUP 

140232 1870 Ж 

140232 1880 ж 

140232 1890 Ж READ DIGIT ROUTINE 

140232 1900 Ж 

140232 333 003 1910 RIG IN ПІР READ DATA BYTE 
140234 057 1926 ЕРІ. CONVERT TO HIGH TRUE LOGIC 
140235 127 1730 LD Т; SAVE COPY 

140234 240 1940 AND В TEST FOR GIVEN DIGIT READY 
140237 050 371 1950 JR Z:RDIG JUMP IF NOT 

140241 172 1940 п LIU RESTORE A REGISTER 
140242 311 1976 RET RETURN TO CALLER 
140243 014 377 1980 DELAY LO C377 

140245 015 1990 DELL DEC È 

140245 410 2000 RET 7 

140247 O30 374 2910 JK DELL 


to run with an Extended BASIC which has 
instructions to access memory and lO ports, 
and can call a machine language program. 

The driver is exercised by a call instruc- 
tion. In Digital Group Maxi BASIC, the call 
instruction looks like this: LET X=CALL 
(24611,64). The BASIC interpreter goes to 
decimal location 24611 to execute the call 
and decimal 64 is put in the DE register pair. 
To the driver, this call is a signal to perform 
an analog to digital conversion. The contents 
of the DE register tell it which channel to 
convert, whether it should be AC or DC, and 
which YRef and gain to use. One channel is 
converted every time the driver is called. The 
information sent in the DE register at the 
time of the call is the command output byte 
(port 003), and each bit has the designations 
previously listed. The only difference is that 
bit 7 (the enable disable bit to the analog to 
digital converter) is sent out as a 0 when 
doing a call. The driver wil! set it to an 
enable condition after it has pulled in the 
proper relay and allowed a 1.3 ms bounce 
delay. 

When the driver concludes its operation, 
it has acquired a 3 1/2 digit voltage reading 
from the DVM which is represented by four 
bytes. These four bytes are placed in a table 
in memory. The eight channels of data con- 
stitute a 32 byte table. The location of a par- 
ticular channel's data can be found by a 
simple expression: 


4 byte data location 
starts at L+ [4(N—1)] 


where L = starting address of table 
N = channel number (1 to 8) 


pwill.read punched tape as fast 2 
губи сап pull It through (0-5,00 


Each unit includes a custom optical. 
sensor array, high speéd data buffers. — 


and all required handshake logic to 
interface with any microprocessor 
parallel I/O port. Check our specs. AT 
OAE WE MAKE QUALITY AFFORD- 
ABLE! 

Available at quality computer stores 
everywhere. (Or, add $2.50 for domes- 
tic shipping and handling — CA res. 
add 696.] 


Circle 80 on inquiry card. 
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АЕ 


Oliver Audio 
Engineering, Inc. 
676 West Wilson Ave 
Glendale, CA 91203 
(2131 240-0080 
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Listing 2: A supervisory program for controlling the expanded digital volt- 
meter written in extended BASIC. 


m 
149 
110 
{tad 
lad 
170 
PRO 
АЎ 
200 
san 
240 

о 


“ы 
м 


250 
taù 
MIR 
4229 
эво 
2%0 
A09 
tbe 
3829 
440 
140 
450 
380 
470 
380 
390 
409 
410 
420 
325 
3440 
440 
ASO 
460 
470 
480 
490 
S00 
110 
520 
550 
540 
550 
S60 
570 
“BO 
590 
600 
610 
620 
630 
640 
450 
560 
670 
580 
890 
700 
710 
720 
230 
240 
250 
260 
770 
789 
290 
800 
"10 
820 
830 
840 
850 
860 
870 
BAO 
890 
700 
710 
920 
930 
Fad 
950 
940 


кім СИЕ $ 122 DIG) A PROGRAMABLE KONGE DYM Ge ілкі 
KEM REV. 1.9 

REA TART CHE CI DUE. PROGRA 

BP it 

КЕМ 

tld mi лел 

КЕМ THIS FS PAGI PAOCOUUTATL > 

ТЕТ МУЗА 

МЕМ VETS I8 gi Un! АНКЕ Sts 

i 

PELIT 

KINI 

PRINT TIO) YOU WANT 10 SCAN ERE VIUUSI € CHUSEN CHANNLI S UR" 
PRII SELECT NFU uwILS 7 SCAN Ole SEEL UT ӨК Siop” 

IIN o+ 

Т S£ "STOE" THEN FOTN ade 

if ib BLAN THEN Gulia) 5339 

PRINTS SELECT? АЕ VALUES OUR. CHANGE OND CHANNEL” 

RINE Ot UR DNE ^s. ЗЕМЕ St 

Ip OS "DNF" THEN GTO 4270 

кан! 

PRINTS WHICH CHONNEL DPO YOU WISH TU CHANGE 7% ФИКИР L 
URINT"PRESENTI Y CHOSEN VALUES ARE * 

EF Det) 1 THEN Ri 62 ELSE КЇ 2.9 

FRINT*VEREL e- "ERL Uni pis HIVIDEO GAIN PS ХР COE? UONBEBITIONING Із 
TF САБ) 1 THEN FRINT"lC* ELSE FRINT*Ac* 

LEE AGUS PSUS 59» 

ШЕШ 7*0 

PRON TONG FII R CHANNEL TO CHANGE т Y ӨК N*$ :1NUUT ke 
TR de PN" ЕНЕМ GOTO 490 

BUIO 8.50 

кант 

FINT. NEO CHANNEL PAKAKE ITERS" 

PRINT * GOIN MULTIPLIER 15 1:10 hey badge 

ERINT"INIER CHANNEL. PARAMETERS AS REOUIKRED* 

ЕКІМТ FRENI; PRINT 

ан C«1 ТОВ 

PRINIO YOU WANT TO КЕЙП CHANNEL "Fle" Y OR N ON EXIF"; 
INPUT At 

Ib А%-"ЕХІТ" THEN GOTU 240 

LET AC) 0 

IF A$-"N" THEN GOTO 710 

LF 4% “ҮЗ THEN ТЕТ ACOM-1 

IF АФГ ү" THEN GOTO 420 

GOSUR 590 

СОТО 700 

КЕМ 

КЕМ 

ККМ THIS IS THE PARAMETER SETTING SUBRULIT ENE 

FRIÍNT'"GAIN "> 

ANFUT BCC) 

LET ЕСС) НСС) 

LET ЕСС) = 0 

ft ВСЭ: 20 THEN LET ECCO-8 ОГО 450 

IF ВС) 5100 THEN LET ECCO -16 {БОГО 450 

РКІМІ"ЕМТЕК 1 FOR ПС OR O РОК АС", 

INFUT СЕС) 

РКІМІ“ЕМТЕК 1 FOR .2 МО Те ӨК 0 FUR 2.0 VOLT BUM VREF.* i 
INFUT DC» 

RETURN 

FRINT 

NEXT C 

RIM X1 TD XB АКЕ THE CALL SETFOINTS 

BOSUR 750 

60TU 810 

FOR Че] TU B 

LET XC SJ) s64R00 2) ҒЗЖ С.Е C.OO*J-10 

КЕМ XC.) IS LOADED WITH THE MIT FATFERN WHICH 15 

REM ҒЫТ ІМ THE DE REG. PAIR DURING THE CALL INSTRUCTION 
NEXT J 

RETURN 

FRINT 

PRINT 

КЕН THIS ROUTINE DE TERMINES WHICH CHANNELS ARE TO RE CONVERTEL? 
FOR C-i TO 8 

IF ACCI#O THEN GOTO 870 

LET HzCALLCM2»,XCC2) 

NEXT С 

КЕМ HIS ROUTINE PRINTS ІНЕ VALUES IN ІНЕ MEMORY TABLE 
LET Z.ACI) 465 C2) 48 C3) ACAD FACT FA CAO £C 7) жас» 

IF 2-0 THEN FRINT"NO CHANNFL PARAMETERS HAVE BERN CHOSEN’ :60T0 450 
LET b-Mi 

FOR L-1 TO 8 

GOSUE 1030 

IF АС 2-0 THEN 990 

iF iO =O FHEN GOTO 920 

IF Y1:-.2 THEN FRINT*CHANNEL "ste" 1S QUT ОҒ RANGE* | СОТО 990 


F Ute 


FIRST EASY WAY TO BUY 
A MINICOMPUTER 


MINI 12 SPECIFICATIONS 


Ward Langth 12 Bits 
CPU IM 6100 lully static CMOS BUT 
device yi 
Instruction Set Idenlical Io the Digal wt 
Equipment! Corporalion yw 9 p Va HOW'M 1 GONNA PAY 
PDP-BE VA 
Clock Rale 4MHZ FOR IT? 
Mayor State Time 500NS 
Senal interface 20 MA current loop po 
standard, RS-232 TLF offers 3 purchase plans: 
Optional А . 
Baud Fate 110 Standard, Others 1) CASH with order - and receive 
optional a BONUS CERTIFICATE 
Memory 8192 words standard, worth $100 on selected MINI 
expandable Io 32 K words 12 accessories. 
Control Panel РОР-ВЕ соғарашзів, with 2) Send $350 with order and pay 
авашола PUN . balance of $545 when ready to 
Paraitel Interface in an oulpu ship or COD to postman. 
Real Time Clock Programmable, (rom 10 3 NO INTEREST EASY 
MS Io 40.95 seconds PAYMENT PLAN 
Counter Counts External Events 
Expansion Burs 50 line, TTL compatible 
terminated bus slructure 
Binary Loader ROM resident. 
Monitor Bootslrap ROM resident. 
Power Requirements 100/120/200/240 VAC, * . 
50/50 HZ HERE'S HOW IT WORKS: 
Dimensions 2" high x 13" wide x 14" 
deep 


STEP 1 


Fil in coupon below 

and тай TODAY 

with your check for 
8195 to: 


STEP 2 


When your MINI 12 is ready 
to be shipped you send us 
$200 or pay postman COD. 


Т 


TLF 
Р.О. Box 2298 
Littleton 


Colorado 80161 m STEP 3 


The balance of $500 is paid 
in 4 equal monthly 
installments oí $125 each. 


You can use your BAC; 


VISA, Master Charge or TOTAL PRICE ONLY $895 
American Express loo! 
Make all cheques payable to WHAT COULD BE 
TLF Corporation. SIMPLER? 
«ТОР 1977 
p—————————————————————————————————————-—4 
| Please enter my order for — —— — MINI 12 Computers @ $895 each as per the plan checked below: | 
| 1 O Enclosed is $895 - | want the Bonus certificate. O Send more information please. 
| 2 О Enclosed is $350 - | will pay $545 when you're ready to ship or COD when delivered. I 
| 3 O Enclosed is $195 I will pay $200 when you're ready to ship and 4 monthly payments of $125 ea. | 
| 
1 Check __ Money Order BAC, VISA Master Charge American Express | 
| Cards. - — Interbank st Exp Date 1 
| Signature __ — - — - - | 
1 Name _ Phone | 
Address 
And your wife will be happy Cit Stat Zi 
too! In fact she might just |o are P | 
buy it herself (for you of | TLF Corporation Р.О. Box 2298 Littleton Colorado 80161 | 
course) for Christmas. l Telephone 303 922 6241 Telex 454541 1 
J 


————— ——— ——— —Á —À — — —— — —— — — тие «а — — au — — жәе — — 
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Listing 2, continued: 


970 IF ҮІ -2 THEN PRINT'CHANHEL 40,2% IS AUT OF RANGE" GOUTO 990 
PHO BUSUK 1230 

990 NEXT L 

1000 GOTO 170 

1010 КЕМ 

{0020 КЕМ 

1030 КЕМ [HIS ROUTINE EXAMINES THE MEMORY TAHT 

1040 REM AMI CONVERTS THE 4 BYTES TO A 3 1/2 BIGIT Yul, TAGE 
1050 LET UI -EXAMCIO 

1050 LEP QNI 

1070 IF AL 128 THEN LET 0141-1028 

LORG D whl 

10920 LEL W EXAMI) 

1100 D EFL 

LIIG EET t- EXARH) 

Po Db |4 

1140 LET к: EXAME) 

1140 LET B-nDIJ 

PISO LET Y-D CL TDXUDOCLO] k«E2 С. ООЖ 

1150 LET ҮҮ 

1170 LET Y-B) KY 

L1BO. ІКСІНІ.; 21 THEM LOT Y1 Yz190 

[190 KE LUN 

1200 WEM 

belo KEM 

12260. КЕМ 

1239 КЕМ THIS SUBROUTINE PRINTS OUT THF VOL Pani VALLES 
1240 PRINT CHANNEL "eli" 185 7% 

1250 ]F 41.128 PHEN PRINT" "$ : omiy 1270 

кез) dE out 128 THEN FRKINI*-*: 

1270 ІР ОО THEN ГКкІМІ Z2145Yls YORTS "Fe БОГО 1419 
НО ҮР BOO) {00 THEN ГКІМІ ZOF LY?" VOLES 9% 

1290 F Н) 10 PREN PRINT "YR" VOLIS "7 

1500 ТЕСІМІ»-І ІНЕМ FIENT. ZóE 3798" VOLTS °F 

LIIG Lb EE dO THEM PRINT"AU"; 

ЕТИУ! 

13550. RETURN 

SOOO pp 

KEALY 


Listing 3: A sample of the program in listing 2 being used to read five differ- 
ent inputs. 


ШІ WH WANT Far SEAR CREY TISI Y CHOSE CHANNEL ОК 
SbE RT MEW анны,” SUDAN ne SLOG ET OR POE 

eub prag 

аргініоамі ЧА У OK CHANGE NE НА 

DES DER rn nnl g 


ІРІП TEASE PARAME TERI 
D EH nt LIBE T EIS 195 1210. UR LOO 
іМІНІУ VI) PARE VERS AS KEARI 


iit ta We CHANNEL 1 Y UK N (ne EXIT? Y 
"alm ғ) 
YHIDIE P dide D; ok O TUR AL ?| 


ІШІН 1 FOE 2 VOL Ese (OR D PINE 2.0 VIN. T DUM UKEE, UO 
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To use the converter with BASIC, the 
program merely calls for a particular channel 
conversion and then extracts the appropriate 
data from the table. Listing 2 is a BASIC 
program which details the entire procedure. 


CAUTION: 

One caution should he kept in mind 
when using this interface to measure AC 
signals: the ground on the interface board 
is the same ground as the computer. If you 
use the interface board ta read 115 VAC 
line voltage, a potential short circuit exists 
unless either the computer or the measured 
voltage is isolated. Since isolating the cam- 
puter equipment would constitute a viola- 
tion of many electrical codes, only isolatad 
AC signals should be read. А common 
measurement case which meets this criterion 
is the AC secondary section of a low voltage 
power supply such as the unit which runs 
your computer, 


Conclusion 


| often see construction projects which are 
beyond the means of some experimenters. 
With these two articles {'ve attempted to 
reverse the trend by giving the complete 
design of a low cost DVM interface. By 
adding more components, such as relays, this 
interface can become a full fledged data 
acquisition system. 

| m sure by now, after seeing designs 
from me for a serial [O interface, paralic! [O, 
digital to analog converter, and now an 
analog to digital converter, most readers will 
realize that I’m constructing a complete 
computer front end for measurement and 
control applications in the home and lab. We 
still need 115 VAC IO interfacing, a real 
time and time of day clock, and a few other 
items. When we're finished we'll investigate 
closed loop control and interrupt drivers. 

| am always interested in readers' com- 
ments on the ideas for applications. | work 
interactively, so don't hesitate to write me 
(and include a self-addressed stamped en- 
velope for replies). 

Next month: a memory jump detector! 


The following interface components are 
available postpaid in the continental US from: 


General Digital Corporation 

700 Burnside Av 

East Hartford CT 06108 

Kit 1: ICs 1, 2, 3, 4, 5 and & to build the O to 

2 V 8 channel unit described in the first 
part of this 2 part series presented last 
month. 529.95 
Printed circuit board with 44 pin edge 
connector which supports the circuitry 
for this month's expanded СММ inter- 
face as well as the basic unit and the 
components of kit 1. 564,95, 
Assembled and tested unit consisting of 
kits 1 and 2. 579.95 


Terminal. 


A logical forward step in Microcomputer design 


the Processor Terminal. A new design by ТЕЙ and look at 
what you get... a complete, self contained microcompu- 
ter system with display and mass storage, a full keyooard 
and plenty of slot space for additional boards. And that 
famous TEI СҮТ power supply that makes brownouts a 
thing of the past. 

Display — А 15" high-resolution black and white video 
display with an optical filter face plate to reduce glare and 
improve type visability ... Keyboard — Full upper and 
lower case ASCII detached keyboard with 8 programmable 
special function keys. Keyboard status indicators show 


Ш 


SPECIAL SYSTEMS GROUP 


Processor 


3) Và ana a зе а - a 


de ж = #— A FP РТ 
> t? 
in Fe = 
—— Á——— 


computer BUSY or READY. And a 16-key numeric cluster 
pad set up calculator style . . . Disk Drive & Controller — 
A Shugart SA-400 mini-floppy disk drive. Soft sectored 
with a capacity of about 150 KB. IBM compatible format. 
Controller will handle 4 drives . . . CPU -8080A based with 
a flexible design that allows you to implement a start up 
"jump to" operation to any dip switch selected byte 
address you choose. Merely turn on power or press RESET 
and you are off and running. Excellent for power failure 
automatic restart . . . Memory — 16K of static RAM memory 
Low power chips. Selectable address assignment and 
memory protect features ... МО — 3P--3S input/output 
board. 3 parallel ports and 3 serial ports with selectable 
baud rates of 75 to 19,200. В5-939С and TTL outputs ... 
Video — A video board provides the support for the 
video display functions ... Mainframe — A 12 slot 
mainframe with a 17-amp CVT power supply motherooard 
assembly, heavy duty aluminum cabinet, fan and washable 
filter All edge connectors and card guides provided ... 
Software — CP/M disk operating system and BASIC 
provided on disk. 


the Processor Terminal (Model MCS-PT 119) is fully 
assembled and tested. 


MCS 


MICROCOMPUTER SYSTEM 


Contact your local TEI Dealer or if you are not near one of our dealers, write or call CMC Marketing Corp direct for more information. 


CMC MARKETING CORP 
5601 Bintliff Suite 515 e Houston, Texas 77036 ө Phone: (713) 774-9596 


Circle 17 an inquiry card. 
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The disk system you want 
at a price you didn't expect froma 
company that understands systems. 
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THE VISTA $50 


FLOPPY DISCOUNT 


We know that one of the biggest problems in 
personal computing is that you're buying with 
your own personal dollars. 

That's precisely why you're going to like 

doing business with us. 

We're Vista Computer Company, the personal 
computer systems brainchild of the business com- 
puter systems people at Randal Data Systems. 

And our V80 Floppy Disk System is a perfect 
example of how we're prepared to help you get the 
most out of your personal computing dollars. 


$649 buys you the 
whole kit and kaboodle 


The $649 you spend on a Vista V80 Floppy 

Disk System ($749 assembled) gets you every- 

thing you need: 

An 80K byte minifloppy drive (assembled and 

tested) that can be powered directly by your 

8080 or Z-80 computer. (Case and power 
supply optional.) 

An I/O cable and a 
single card, S100 bus- 
compatible controller kit 

that handles up to four 
drives and includes a PROM : 

for bootstrap loading (addi- 
tional drives just $399). 

VOS, the most advanced 
microcomputer disk operating 
system available, and our 
BASIC-E compiler, designed 
to work with VOS, all on a 


Vista 


single diskette. Software functions include 
instantaneous program loading, named dynamic 
files, program editing, assembling, debugging, 
batch processing, and file copying on back-up 
diskettes. 

All backed by the Vista 90-day warranty, mem- 
bership in VUE (Vista Users’ Exchange), and 
Dataforce, our associated service company with 
115 locations throughout the country. 


Test drive the V80 
at your local computer store 


Drop by your nearest computer store and run 
the V80 through its paces. Once you find out what 
it can do for you, you'll see that our combination 
of high performance and low price is hard to beat 
and easy to take. 


We love to take orders 


If you'd like us to ship you a Vista V80 Floppy 
Disk koam they're available now. Just send us a 
check or money order for the amount 
of purchase, or your BankAmericard/ 
VISA or Master Charge account 
number with expiration date and 
authorized signature. California resi- 
dents add 6% sales tax. Uncertified 
checks require six weeks processing. 

To place your order, or to obtain 
further information, call or write today. 

Vista Computer Company, 2807 
Oregon Court, Torrance, CA 90503. 
(213) 320-3880. 


We never forget it's your pocket. 
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David M Allen 
Electronics Consultant 
1317 Central Av 
Kansas City KS 66102 


Table 1: Power wiring 
table for the integrated 
circuits used in figure 1. 
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A Floppy Disk Interface 


Once it would have been appropriate 
to begin this article with a paragraph justi- 
fying the use of a floppy disk in a hobbyist 
system. Today that paragraph is unnecessary 
for two reasons: First, most of the more 
ambitious microprocessor users have already 
convinced themselves of the need for fast 
programmable memory; second, a growing 
number of users have begun to discover 
that the hardware required to interface a 
floppy disk to a microprocessor doesn't 


[Number | ту” | +ву | eno 
ici | mo | м | 7] 
pica |745 | ж [| | 
c3 | 7400 
pica — | 210226 | — 10 | ә | 
es — | 7477 
ics | 74128 
22 44 | 4 [ 7| 
Cie | me | 3 | 7. 
Cen [o [= [>] 
Cim fna | 3 | 7. 
[IE mo | | 7| 
INNER MEN M NE 
Dew [oem | ow | 7. 
ІС17 7430 14 
ІС18 7411 14 7 
7410 14 7 
сз [эв | 3 [в] 
ІС22 74121 14 
Ген “| эш | of 
ІС24 210226 | 1% | 9) 
1С25 сла | 7 
ев [эзи Г 
сз | 7474 14 

5 
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need to be very complex, and certainly 
not as expensive as some of the purveyors 
of professional equipment would have us 
believe. This article presents а straight- 
forward way to control a floppy disk drive 
with a microprocessor. 

While definitely not a project for a 
beginner, the interface itself is relatively 
simple and well within the grasp of anyone 
who has built other computer equipment. 
It is conceivable that people without an 
oscilloscope might be able to build the 
interface blindly and get it working success- 
fully, but | strongly discourage them from 
doing so. A good oscilloscope, particularly 
one with dual trace and variable delay 
features, is highly recommended for testing 
the interface and drive during construction. 
Once built and working, the unit should 
not need any adjustments. 

| do not attempt to provide all of the 
cookbook information necessary to thor- 
oughly educate the novice in the ways 
of floppy disks. Rather, | provide an over- 
view of one system, cover all the basic fea- 
tures and functions, and draw examples 
from a working system. | hope to encourage 
people to build their own systems as an 
alternative to buying someone else's, 

This interface is intended for hardware 
sectored disks and disk drives, although 
the basic technique could be extended by 
the use of more on board buffer memory 
to permit the use of a software sectored 
format. This interface is specifically designed 
for the Memorex 651 drive, but the use of 
an on board buffer makes the interface 
independent of the associated processor's 
speed, and allows it to be used with virtually 
any processor. At least one person has used 
a similar interface with a 4004 for three 
years. The use of an on board buffer did 
not add to the chip count of the interface; 
if anything, it reduced it. The chip count 
is 31, and all chips are small or medium 
scale integration TTL with the exception 
of the buffer memory. 


Circuit Description 


Several basic functions must be provided 


.. The Dumb Terminal 
lets you put it all together. 


With the new, lower-priced Dumb Terminal™ Kit, that is. electronic components. Naturally, you also get illustrated, 


Pick one up and escape, once and for all, the headaches step-by-step assembly instructions, not to mention an 

of scavenged teletypes and jury-rigged TV sets. With just ^ easy-to-understand operator's manual. 

a little time and aptitude, you сап have a live and working So, if you'd like more input on the Dumb Terminal 

Dumb Terminal right in your own home, garage, or Kit, just fill out the coupon and we'll send you complete, 

business. One that lets you get it all out of your system free information. 

—or into it. Oh, and by the way, just by sending in the coupon, 
Forget the cheap imitations, with their overblown you will be made a charter member of the Dumb 


price tags and interminable lists of options. With 
the Kit, you can build yourself the same, old 
basic Dumb Terminal that's been selling over 
1500 units a month. With basic, sensible 
features like a bright 12" diagonal screen. 
Fifty-nine data entry keys. 1920 characters 
displayed in 24 rows of 80 letters. Plus 33 
positive action switches that let you activate 
functions like of 11 different baud rates, an 
RS232C interface, or a 20mÀ current-loop. 
And more. Not bad for Dumb 

All you need, besides the Kit, is | 
some initiative, and a few basic 
tools — a good soldering iron, 
wire cutters, needle-nose pliers, 
and one or two trusty screw- | | | 
drivers. The Dumb Terminal N омы! 
Kit provides you with every- UN 
thing else. Including an 
attractive cabinet, CRT 
screen, keyboard, PC 
board, and all essential 


Terminal Fan Club. À select organization that will 
send you your own nifty Dumb Terminal Fan 
Club Kit, containing: an official certificate 
of membership; an autographed photo of the 
Dumb Terminal himself; and a bona fide 
membership card to prove irrefutably you're 
"One of Us" (Sorry, limit one kit per person.) 
And, if you include a trifling $6.00, you 
can have your very own Dumb Terminal 
T-shirt. (No limit at all on these.) 

Simply mail the coupon and get the whole 
assortment. Ánd find out why members of the 
Dumb Terminal Fan Club are some of 
the smartest people around. 


Dumb Terminal. 
Fun Club. 


Enclosed is 8 — foran official Dumb Terminal T-shirt perm < 
Pleagermake ‹ all checks and money orders payable to LeAnce & Reiser, OK? 
Ойу and siget) зна) required:.— S -.М- Ie XL 


- Push this application: tor Dumb Terminal Fan Club Headquarters. 
e/a Leico.& Reiser, RO, Box 17123, пупе, СА 92714. 


"Dumb Terminal” is a trademark of Leap Siegler Be, _ 
Е..Р./Оайа Products, 714 N. Brookhurst SE Атабай” 22 
92803, (800) 854-3808. In California (14-74-1010, 7. —7 
Circle 56 on inquiry card. 


Figure Та: Schematic diagram for the floppy disk interface board, Ail inputs and outputs are designed and buffered for use 
with a Motorola 6800 processor and a Memorex 657 floppy disk drive. 
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in a floppy disk interface, regardless of 
the actual data transmission method. Out- 
putting step pulses, receiving sector and in- 
dex pulses, loading the data head, sensing 
and resetting the file unsafe error bit, and 
sensing the write protect tab on the diskette 
are functions which are largely universal 
to all disk drives. They are handled by the 
74175 latches (1C2 and ІС20) and 74125 
bus drivers (IC6 and ІСІб) in figure 1. 
Software takes care of all necessary inter- 
locking and timing relationships between 
these signals. 

One minor exception is in the use of the 
sector pulses from the drive. 1 felt that the 


[ — WRITE ENABLE 


CLKI 
1C2B 


7477 


4MHz 
CRYSTAL 


incorporation of a hardware counter (to 
convert the individual sector pulses into an 
address and relieve the processor of the 
necessity of providing this function in 
software) was too simple to be left ош. 
The equivalent function in software would 
yield an excessive and unnecessary overhead 
in time and software. As such, the two 
counter packages, which provide the proc- 
essor with a complete sector address rather 
than a series of sector pulses, were a wel- 
come expense. 

Data passage between the buffer memory 
and the disk drive is processor independent. 
The processor simply requests the desired 
transaction (read or write). Actual data 
movement is carried out solely by the 
interface circuits. 

Movement of data in this system takes 
place in two phases, regardless of whether 
the transaction is a write or read. When 
writing, the processor loads the data des- 
tined to be recorded onto a sector of the 
diskette into the onboard buffer memory. 
When the entire sector's data has been as- 
sembled in this buffer, complete with 
necessary preambles, data separators, track 
and sector identifiers, postambles, and 
whatever else is needed by the chosen for- 
mat, this block of sector data can be moved 
to the disk drive in a single operation. 
The actual operation does not occur until 
the processor commands the interface 
board to write. 

After receipL of the write command 
the interface waits until it sees the leading 
edge of a sector pulse. This sector pulse sets 
a flip flop, IC30B, which remains set 
throughout the operation and resets on the 
leading edge of the next sector pulse, The 
entire transaction is therefore synchro- 
nous with the sector pulses. This same 
synchronization is present during a read 
operation às well. For example, reading of 
disk data into the on board buffer is started 
and stopped by sector pulses. In this way, 
format independence is accomplished be- 
cause the entire sector is read into the buffer 
in a single operation. The processor is com- 
pletely uninvolved with this transfer of 
data. It does not re-enter the picture until 
the read operation is complete, at which 
time it begins dissecting the received infor- 
mation. During this dissection process, 
the processor must search through the 
on board buffer looking for the beginning 
of data markers (and other landmarks of 
the particular recording format involved) 
to locate the desired data їп the buffer and 


Figure Íb: Continuation 
of figure Та. 


Te transform it from serial to 8 bit parallel 
form, 
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“INDUSTRIAL” 
WIRE WRAPPING TOOL 


Model BW 520 is a battery operated wire-wrapping 
tool, also available in reversible models for wrapping 
and unwrapping operations, The rechargeable nickel 
cadmium battery is self contained in the handle of 
the tool. Aiso available with ‘‘Backforce’' device to 
prevent overwrapping. 

Uses any 24AWG thru 32AWG wrapping bits and 
sleeves. 


OK MACHINE & TOOL CORPORATION 
3455 Conner St., Bronx, М Y 10475 / (212) 994-6600 / Telex 125091 


BW928 


Model 


= 


BATTERY 
WIRE- 
WRAPPING 
TOOL 
ONLY > 49.95 


BATTERIES NOT 
INCLUDED 


BIT & SLEEVE NOT 
INCLUDED 


ok 


“HOBBY” 

WIRE WRAPPING TOOL 

For AWG 30, .025” (0.63mm) sq. 
post, "MODIFIED" wrap, positive 
indexing, anti-overwrapping device. 


OK MACHINE & TOOL CORPORATION 


3455 Conner St , Bronx. М Y 10475 / (212) 994-6600 / Telex 125091 


Circle 79 on inquiry card. 


BW520 


Model 


BATTERY 
WIRE- _ 
WRAPPING 
TOOL 
ow 5108.70 


BATTERIES INCLUDED 


BIT & SLEEVE NOT 
INCLUDED 


"INSTALLATION AND FIELD SERVICE" 
WIRE WRAPPING TOOL 


Model BW 928 is a battery operated wire wrapping 
tool, also available in reversible models for wrapping 
and unwrapping operations. Exceptionally useful for 
installation and field service work, or small produc- 
tion jobs. Available with “ВасКкіогсе" device to pre- 
vent overwrapping. 

Uses any 24AWG thru 32AWG wrapping bits and 
sleeves. 


OK MACHINE & TOOL CORPORATION 
3455 Conner St , Bronx, М Y 10475 / (212) 994-6600 / Telex 125091 


Mode BW 630 


BATTERY 
WIRE- 
WRAPPING 
TOOL 
ONLY 5 34. 95 


BATTERIES NOT 
INCLUDED 


COMPLETE WITH 
BIT & SLEEVE 
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Note that, in this system, the actual 
SECTOR pulses from the disk drive are not 
used to start and stop the transactions; 
rather, they are divided by 2 in the first 
stage of the sector address counters. This 
means that although 32 physical sectors 
could be recorded per track on the disk- 
ette, this system will record only 16. 

Each sector contains 256 bytes of data 
instead of 128. | did this to facilitate future 
double-density operation. Тһе size of the 
buffer is 256 bytes of data plus some extra 
for preambles, checksums, and so on, for 
both single or double density operation. 
Only the number of sectors per track will be 
charged: they will increase from 16 for 
single density to 32 for double-density, 
For purposes of this article, single density 
operation is assumed, 

The interface board knows nothing about 
the particular recording format involved, 
but merely collects à sector's worth of 
information (ie: everything appearing be- 
tween two successive sector pulses) from 
the disk drive and gives it to the processor. 
The processor must know all about the 
organization of the data in the sector. The 


software completely controls the organizing 
and formatting of this data. 

Although it is feasible to configure 
the buffer memory as an 8 bit wide parallet 
buffer, the serial configuration has several 
advantages inciuding the lowest cost and 
chip count. It also permits efficient utiliza- 
tion of low cost memory chips such as the 
2102A. Although it would seem logical 
to use serial shift registers for the buffer, 
doing so destroys the processor's ability 
to randomly access the buffer. Another 
reason for using serial data transmission 
is that conversion to parallel format, when 
receiving data from the disk, would necessi- 
tate some form of data synchronization 
information so that the packing of the serial 
data into the parallel buffer can be coor- 
dinated. Without this information, bit 1 
might end up in bit 8's location. This syn- 
chronization function must be provided 
in any case. Postponing the problem until 
a time when the processor is processing 
the data, instead of the time when the disk 
drive and interface are exchanging data, 
allows the interface hardware to be format 
independent. This means that, with little 


Figure 2: Sequence of main events when reading from or writing to the floppy disk. 
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seek time 


Read: 


same subroutine used by 
both read and write 


:Return from routine 


Write: 


same subroutine used by 
bath read and write 


issue write -10 ms wait as 10 ms transfer check for А 
5-10 : Return from routine 
cammand presector passes of data errors 
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Since 1972 we've been a place where 
people and computers get together. 


Do you know anyone who wants to learn how computers 
work? Or how to program? Without masses of technical 
jargon? Then send them to People's Computers! We're a 
bimonthly magazine devoted to demystifying computers. 
Our pages aren't padded with ads they re packed with 
articles, tutorials. interviews. listings, games, reviews 
und letters. People's Computers covers: 

Contputerese - basic. principles about how computers 
work; tutorials on how to program, 

Education - ready-to-use programs; tips on how to write 
computer-assisted educational materials; reports 
educational uses of computers. 

Blue Sky - Tiny BASIC and Tiny PILOT were born in our 
pages; there's now talk of robots апа... 

Peopie & Computers - examination of the growing impact 
of computers on our lives and society. 

Fun & Fantasy - computer games; whimsical odds and 
ends; and our swashbuckling hero-FORTRAN Man! 


on 


Some Comments about People's Computers: 

"One of the first, if not fre first, of the people-oriented 
computer publications . . . At $8 a year, it is a good 
bargain. You'll like it." Kilobaud 

"The editorial flavor is . . . intended to be readable and 
enjoyable for the neophyte. Our resident non-computer 
people at Byte grabbed the first issue so quickly that it 
became difficult to find a copy . . . Should be sampled 
to be believed.” ) Byte 

"People's Computers has been plugging away for years as a 
force for good in the community”. Personal Computing 

“For the novice as well as the experienced computer 
user . . . an informal style, many useful annotations 

. a sounding board for novel ideas.” Computer Notes 

“Пеге 8 a first rate magazine for people who want to know 
about minicomputers and microcomputers . . . Power- 
ful, low-cost technology is taking off — keep up with it 
by reading People’s Computers". The Workbook 


peoples computers 


ШЕП ШЕШ lI ШЕШ ШЕШ ШЕШ Pg ШЕШ Ss Pl ШЫП ШЫН ШЫН ШЕШ LLLI OI LI LI Er I БЕН БЕН ОЕШ БЕН ШАШ БЕН БЕН БЕН БЕН БЕН | 
Please start my one-year subscription (six issues) to People’s Computers and bill me for just $8. 


NAME 
ADDRESS 
CITY/STATE 2ІР 


Outside the U.S., add $4 for surface postage. Airmail rates on request, 


Unconditional Guarantee: I you ever wish to discontinue 
your subscription for any reason, we will refund the 
complete amount for the remainder of your subscription. 


L] Visa Card Number 


ПІ Mastercharge Expiration Date 


Send this form or a facsimile to: People s Computers, Dept 53, 1263 EI Camino Real, Box E, Menlo Park CA 94025 


Circle 86 on inquiry card. 


BYTE January 19784 65 


66 


BYTE fanuary 1978 


or no change to the interface board, any 
hardware sectored format can be accommo- 
dated by the use of appropriate software. 
With the present amorphous state of the 
home computing industry, format inde- 
pendence has to be a significant advantage. 

In figure 1, the three 2102As (ICs 4, 14 
and 24) form a 3072 by 1 bit buffer mem- 
ory, The three 74177 counters (ICs 5, 15 
and 25), which are associated with the three 
2102As, allow storage of the serially ac- 
cessed disk data in the randomly accessed 
memories. These counters are incremented 
for each bit of disk data passed, and provide 
addresses for the 2102As during both the 
read and write operations, During reading, 
the disk provides clocking information 
in the form of SEP CLOCK on the Memorex 
disk drive. SEP CLOCK is used to clock 
the counters and address the memory. 
During writing, the interface card must 
provide clocking information to the disk. 
The crystal oscillator provides this write 
clock information for the disk drive as well 
as for the counters which address the 
memory. 

The preceding has explained the function- 
ing of the counters and the addressing of 
ihe 2102A buffer during data exchanges 
between the disk drive and the interface 
card. Movement of data between the inter- 
face card and the processor takes place 
before or after the interface's dialogue 
with the disk drive, as shown by the se- 
quence of operations for read and write 
commands in figure 2. During this processor 
activity, the address counters take on a 
completely different function. The proc- 
essor can randomly access any bit in the 
memory buffer. Therefore, the address 
for the buffer comes from the processor 
rather than from the address counters. 

During this time, the addresses on the 
processor's bus, which are present at the 
preset inputs of the 74177s (ICs 5, 15, 25), 
are gated through to the 2102As. When the 
processor attempts to read from or write 
to the buffer it will be accessing only one 
bit at a time, since the buffer is only one bit 
wide, The 6800's read and write line is 
gated directly to the read and write line of 
the 2102As. Write data from the processor 
will be fed to the data input lines of the 
2102As via a three state device enabled 
by the proper address decoding from the 
processor bus (ІСІ). When the processor 
reads from the buffer memory, address 
decoding (IC1B) enables a three state 
bus driver and places one bit of data from 
the buffer on the processor bus. 

During a diskette read operation, it is 
desirable to use the received clock to strobe 


the received data into memory. In order to 
satisfy the minimum write pulse width 
requirements of some 2102 type program- 
mable memories, it is necessary to use a 
oneshot (1C22) triggered by the trailing 
edge of the receive clock to generate the 
actual write strobe. The received data is 
latched in a 7474 (IC31B) and maintained 
until the end of the write strobe. Note that 
while it would normally be poor practice 
to use the write strobe to change both ad- 
dress and data, the architecture of this 
interface and of most 2102 type program- 
mable memories permits this. The actual 
value of the address present at the edges of 
the write strobe appears to be irrelevant, 
provided that the address is stable. In this 
design, the address and the data change 
after the trailing edge. This arrange- 
ment has been tested with several types of 
programmable memories, from fast new 
ones to slow obsolete ones. There were no 
problems in any instance, 

During a write operation, a 4 MHz crystal 
provides clock pulses to the disk drive and 
address counters for the 2102As. A 4 MHz 
crystal is used to facilitate the future double 
density option. A 2 MHz crystal could be 
used for standard density operation with the 
proper circuit modifications. The write clock 
and write data signals (outputs of ІСІ? and 
IC28B) are combined into a composite clock 
and data signal and fed to the disk drive via 
three paralleled sections of а 7416 high 
power inverter (ICs 10А, В, and С). Three 
sections are used to provide adequate signal 
current into the low impedance line receiver 
within the disk drive. Although line 
receivers are recommended by Memorex 
for the received clock and received data 
signals at the interface, standard TTL inputs 
(with the addition of the pull up resistors 
shown in the schematic) have proven to be 
adequate. 


Software 


The schematic of figure 1 does not repre- 
sent a floppy disk controller, but only an 
interface. The processor intelligence is 
needed to make the system a controller. The 
bulk of the effort in establishing a system of 
this type occurs in the writing of the neces- 
sary software. This approach keeps the hard- 
ware costs low and allows the frugal experi- 
menter to substitute his or her own soft- 
ware writing ability for the out of pocket 
hardware expenses. 

Two phases in any read or write opera- 
tion of the system were previously men- 
tioned. A third phase is necessary prier to 
any actual reading or writing. The disk 
drive’s data transfer head must be stepped 


STEFIG 


Figure 3: The stepping 
routine, which moves to 
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routine is written as a subroutine, shown in 
listing 1, such that it can be called with the 
desired track parameler passed as a value in 
another register. 

to ihe proper track. Then the system must Stepping takes place in response Lo 

interrogate the hardware s sector address individual pulses from the interface. The 

c in order to Know when it is - pulses are formed in software by turning a 

missile 10 Issue a read or write commana. hardware bit on, and then off. The width of 

5 . he P Track the pulse will bc determined by the proces- 

tepping to the Proper Irac sor’s execution speed. Since two or more 
There are either 64 or 77 tracks on instructions are involved, the width will be Listing 1: Stepping in 


floppy disk systems (the Memorex 651 
uses 64). When power is first applied to the 
system, the position of the data transfer 
head is unknown. It is necessary to find aver 
which track the head is positioned. Unfor- 
tunately the disk drive tells us nothing 
about the location of the head unless it 
is sitting at the very first track of the system 
{track 0). Some disk drives have an additional 
sensor at the very last track. Consequently, 
during initialization of these systems it is 
necessary to step the data transfer head in 
toward track О until the track О sensor 15 
tripped. If track O is requested (as shown in 
the flowchart of figure 3 for the stepping 
routine), the program will step the data 
transfer head in, while searching for a 
TRACK 00 signal. An 8 bit register remem- 
bers where the head is located. Once the 
head is stepped away from track б, the 
software has no way of determining what 
lrack 15 currently accessed unless it knows 
how many step pulses have been issued. 
Every time a step pulse is issued, this counter 
will be incremented or decremented appro- 
priately unless the track 0 signal appears, in 
which case the counter is cleared. This step 
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nserted in the software as a safely measure. for the Motorola 6800 
processor. 
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Figure 4: A routine which searches a single track until it finds the required 
presector. 
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Listing 2: Interrogation routine written for Motorola 6800. This routine 
checks each of the sector headings on a track until it finds the requested 
presector of the desired sector. 
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Since a stepping motor is involved (some 
of the newer drives incorporate linear 
actuators which are faster), a considerable 
time delay between step pulses must be 
allowed to prevent the stepper motor from 
overshooting the wrong track. The software 
stepping routine incorporates a 30 ms delay. 
Memorex specifies a 20 ms delay, and some 
other manufacturers call for 10 ms delays or 
less. The builder should adjust the delay 
parameter to generate the necessary delay. 


Waiting for the Proper Sector 


Since counters are built into the hard- 
ware, the sector address will be accurately 
known within one diskette revolution after 
application of power. Anytime the software 
reads the state of the sector counters, il wil! 
receive the binary number of the physical 
sector currently passing under the data 
transfer head. The use of this information 
now becomes somewhat involved. 

At some time in the future, a read or 
write command will be issued. Where that 
occurs is a function of the time when the 
command is issued relative to the position 
of the diskette at the moment of issuance. 
If the user wants to write at logical sector 4 
of the current track, for instance, the 
write command is issued prior to the appear- 
ance of physical sector 4 beneath the data 
transfer head. In other words, the command 
should take place while the data head is over 
sector 3 because the actual writing must 
begin at the leading edge of the sector pulse 
that introduces physical sector 4. 

Things are actually more complex than 
this. The counters which address the on 
board buffer memory must be reset prior to 
the beginning of the actual read or write 
operation. Otherwise, the buffer addresses 
would begin in the middle of the buffer. 
In order to guarantee sufficient time for 
resetting the counters, some finite time 
interval must occur during the preceding 
physical sector. The only way to insure this 
is to locate the end of second preceding 
physical sector and issue the read or write 
command at the beginning of the immediately 
preceding physical sector. 

The flowchart in figure 4 shows a sub- 
routine which, when given the desired sector 
to be read from or written to, will loop 
while interrogating the sector counters until 
the presector is found. Although the software 
of listing 2 appears to ignore the need to 
guarantee some resetting time for the buffer 
address counters, this is not the case. 5ince 
there are two physical sectors for each logical 
sector (32 physical sectors per track versus 
16 logical sectors) the software is sensing 


OUR OWN SOFTWARE 
A perfect team from the Digital Group 


OUR OWN HARDWARE 


Something new has been added to our great line of Digital Group hardware: DIGITAL GROUP SOFTWARE! 


With all new languages, enhancements to existing 
languages and new sophistication designed to give the 
Digital Group system user the greatest capabilities yet 
available in a microprocessor. 


Most importantly, you can rest assured that the same 
painstaking attention we devote to quality in our 
hardware has gone into Digital Group Software. Our 
software works — as simply as that. 


Here are just a few of the Digital Group Software 
packages: 


WOPROC 

This simple-to-learn, user-oriented Word Processing 
System is text-editing and a whole lot more. WOPROC 
automatically takes care of the menial tasks of typing, 
easily corrects errors and prints exactly as you desire. In 
short, WOPROC doesn't stop at merely editingtext: it 
also processes this text in a variety of ways. Use it to 
prepare and print anything that could be prepared with a 
typewriter. 


CONVERS 

Through incorporation of a variety of software 
concepts, CONVERS, а unique, highly-flexible 
package, has evolved. It offers a combination of easy 
programming, high memory efficiency and fast 
operating speed ideally suited for many types of 
applications. 


Circle 32 on inquiry card. 


The potential capabilities of this type of language are 
breathtaking, but for now the Digital Group 
recommends our preliminary version to those users 
already familiar with computers. 


BUSINESS-BASIC 

By adding a significant number of extensions, our 
standard Digital Group Maxi-BASIC has been 
converted to  Business-BASIC  — ап extremely 
productive and powerful language for business- 
oriented microcomputer users. 


OPUS/ONE and /TWO 

These software packages are major extensions of 
BASIC-type languages. This language's major emphasis 
has been to maximize function and capability and is 
particularly well-suited to personal/business type 
applications. 


780 ASSEMBLER II 
An updated version of 780 Assembler 1 with added 
capabilities. 


We've tried to give you a glimpse of what Digital Group 
Software has in store for you. If you have one of our 
systems already, you know our quality. And if you're 
just looking around, take a look at our hardware. 


Then you'll know how well our software works, too. 
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Listing 3: The WRITSV routine allows writing to the disk, and the READSV 
routine is used to read data from the disk. When either of these two routines 
is entered, the correct track and sector have been found апа the data transfer 
head is already loaded and allowed to settle. 
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physical 


seclors and dividing the sensed 


addresses by 2. This will allow at least 5 ms 
(the time for one physical sector) for reset- 
ting the address counters. 


Read and Write Commands 


One bit of a status word 15 used to iden- 
tify a read or write command. In the schema- 
tics, logical 1 means reug and logic О means 
write. Another bit is used as the transaction 
request bit. Setting this byte to logical 1 
enables the hardware іо execute a data 
transaction when the next sector pulse 
occurs. During this period of time the 
processor must not read from or write to 
the on board buffer, since this will imme- 
diately set the address counters to the value 
present on the processor's address bus. The 
processor needs to know if the disk drive 15 
talking to the buffer memory. Therefore, 
a busy or ready bit is incorporated into 
the hardware. Proponents of interrupt 
driven systems should note that a separate 
flip flop is set at the end of a read or write 
transaction. This should be reset in software 
prior to issuing a new command, Hardware 
will reset the flip flop automatically at the 
beginning ot each transaction in the event 
that software does not do this. This flip flop 
can be used as a flag for a testing loop, or it 


can be tied to an interrupt line to generate 
an interrupt upon completion of the read or 
write transaction. The software examples 
used here incorporate a flag testing loop 
routine. 


Operating Sequence 


Sometime prior to the passing of the data 
to or from the disk drive, the head load bail 
must be energized to permit the data trans- 
fer head to come into contact with the 
diskette. The mechanical properties of this 
mechanism dictate that some time must be 
allowed for settling prior to the commence- 
ment of any data movement. Various 
philosophies exist on the subject of how 
long and how often the head should remain 
loaded. Some feel that the head should be 
loaded continuously during periods of usage, 
and that frequent loading and unloading of 
the head causes aggravation of the head as 
well as à media wear problem. The software 
| use assumes just the opposite: The less 
time the head and media are in contact, the 
less wear will occur. Memorex drives are 
particularly vulnerable to wear, since they 
use metal heads instead of newer ferrite and 
ceramic heads. A Memorex drive using this 
software and operating in a suitably clean 
environment for several months has had no 
detectable wear to either the data head or 
the diskette. | feel that this is due to the 
fact that the data head is never in contact 
with the media for more than a fraction of a 
second at a time. The accumulated contact 
lime is kept very low. 

In the software of listing 3, the data head 
is loaded just after the stepping routine, 
immediately following the arrival аі the 
proper track. Recall that the system will 
begin its search for the pre-presector after 
the proper track has been accessed. The 
sector wait algorithm contains a 30 ms delay 
during which the head load mechanism can 
settle. An extra delay loop should be in- 
serted at the entry of the sector wait routine 
if additional settling time is necessary. The 
accumulated system delay, including the 
sector wait routine, will probably фе 
adequale. 

Figure 5 shows the sequence of opera- 
tions for read and write commands and 
includes the movements of data relative to 
the mechanical operations. For a clearer 
description, see photo 1, If a wire operation 
is to take place, the first step in the process 
should be setting up the data in the inter- 
face’s onboard memory buffer. Some sort 
of structure must be chosen for the various 


FULLY ASSEMBLED PRODUCTS FOR THE 
TRULY COMPATIBLE 55-50 6800 BUS. 


Our Basic Floppy Disc System (BFD-68) must, іп all modesty, be 
called superb. It comes completely assembled with a disc con- 
troller that is plug compatible with the SWTPC 6800. The cabinet 
and power supply are capable of handling up to 3 Shugart Mini- 
Fioppy Drives. One drive is included in the price of the BFD-68 
and others may be added easily at any time. Or you may save 
money by ordering the dual-drive BFD-68-2 or triple drive BFD- 
68-3 (pictured). Price: BFD-68 $795, BFD-68-2 $1139, BFD-68-3 
$1479, SA-400 Drive $360. 

The BFD-68 includes our Disc Operating System Software. The 
software provides direct commands to name and rename files, 
transfer memory to disc and disc to memory and to automatically 
jump to the starting location of any program loaded from disc to 
memory. The direct cammand names are: RUN, GET, GETHEX, 
CLOSE, SAVE, DELETE, APPEND, RENAME, COPY, LIST, LINK and PRINT. In addition, the Disc File Management subroutines are 
available to create files under your program control. 

A bootstrap PROM is included on the controller board to initiate the Disc Operating System which loads into a 4K memory board 
located at 7000 ог optionally at 0000. Thus, you can be up and running from а cold start in just a few seconds. 


SUPER SOFTWARE: Free patches are provided for SWTPC BASIC version 2.0 and Co-Resident Editor/Assembler. These patches 
allow the SAVE and LOAD commands to work with the disc or the cassette at your option. 


M-16-A: The M-16-A is a single power supply fully STATIC 16K 
memory system. It is fully buffered and requires only half the 
power of a similar size system using low power 2102's. With the 
M-16-A, you can expand your system to 48K, add one of our 
EPROM boards, our BFD-68 disk controller board and still have 
room to spare. The M-16-A is switch selectable to any 4K starting 
address and hardware write protect is included. Price $529. 


P-38: The P-38 series modules are available in 3 configurations. 
The basic P-38 is an 8K EPROM board containing room for 8 
2708's. Like all our products, it is completely assembled. As a 
bonus, one 2708 is included which contains SMARTBUG, our IK 
Mikbug compatible monitor program. The P-38 is switch select 
able to any 8K location. Price $179. 

The Р-38-1 contains all the features of the basic P-38 plus a 
built in interface to the POP-1 and the Oliver Paper Tape Reader. 
Price $229. 

The P-38-FF is a plug-in interface card for the ICOM Frugal Floppy 
and the other ICOM full size floppy disks. It contains all the fea- 
tures of the P-38-1 plus an additional 2708 with the ICOM boot- 
strap software. ICOM's 6800 FDOS-II is included on diskette. 
Price $299, 

The PS-1 power supply kit provides plus and minus 16 volts required for the P-38 series boards. Also, it allows a wiring madi- 
fication to be made to the 8 volt supply that will increase its output by one volt. Price $24.95. 


NEW PRODUCT: The РОР-1 is а 2708 EPROM programmer that is contained іп a separate cabinet outside the 6800 and connected 
by ribbon cable. The POP-1 uses a separate self-contained power supply for the programming voltage. There is plenty of power to pro- 
gram 2708's from any manufacturer — no need to choose only the most expensive 2708's. The POP-1 interfaces to the SMOKE 
SIGNAL BROADCASTING P-38-| EPROM board and complete software is provided оп cassette. The software allows you to duplicate 
an existing 2708 (making changes if you wish} or to transfer a block of RAM to EPROM. An adaptive programming technique is used 
that allows most 2708's to be programmed within 15 seconds. Instructions are also provided showing how to modify the POP-1 
to program the TMS 2716. Price $129. 

ALL OUR PRODUCTS EXCEPT THE PS-1 ARE COMPLETELY ASSEMBLED. MASTERCHARGE AND VISA CARDS WELCOME. 


i, BROADCASTING 
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zones which must be recorded onto each 
sector. Memorex recommends that a pre- 
amble of 128 logical Os be written to the 
disk starting at the beginning of the sector. 
What goes onto the disk after that is depend- 
ent on the whims and opinions of the pro- 
grammer. In the prototype system, a single 
logical 1 follows the preamble and serves to 
indicate thal the next following bit is the 
first bit of the first word of data. 256 
8 bit words are then written with the least 
significant bit first, This is followed by a 
16 bit checksum, a 16 bit binary number to 
indicate the sector and track numbers, and 
zeroes for a postamble, which will end when 
the hardware encounters the sector pulse 
for the пехі sector. | make no claims for the 
elegance or efficiency of this format. |t was 
expedient and has worked for months in a 
small developmental system. To set up the 
on board buffer with this information, a 
routine converts the source data from 8 bit 
parallel to serial (1 bit per address) in the 
buffer. After the buffer is set up, the me- 
chanical movements and commands can be 
issued. 


Operating 


If the interface is wired correctly with 
properly working parts and the software is 
bug free, the system should work without 
any adjustments. However, if you build the 
hardware and write the software from 
scratch, there are many chances for error. 
| highly recommend that you build and test 
one section at a time. When testing the data 
circuits, a good quality oscilloscope, prefer- 
ably dual trace with delayed sweep, is 
desirable. The read and write operations 


are conducted independent of the processor. 
This simplifies troubleshooting because bad 
software will not complicate the situation. 

| suggest that vou start by wiring the 
sector counters and verifying their proper 
operation by reading sector addresses into 
the processor. Once the sector counters are 
working, the sector wait software can be 
written and tested by observing the varying 
time that the software is tied up (by looking 
for the desired sector). This varying time is 
formally known as the rotational latency, 
and will be between 5 and 160 ms. 

Next, wire the step in, step out, and track 
00 signals. The stepper motor can be manu- 
ally tested by shorting the stepping lines to 
ground. [t is much more dramatic to write 
some simple software to exercise this func- 
tion, At this time the stepping speed can be 
sel and the malfunctioning of the stepper 
motor can be observed at excessively high 
step rates. 

The first step in testing the operation of 
the on board buffer memory is to transmit 
data back and forth between the interface 
and the processor. Doing so will bypass the 
oneshot, address counters, etc, and make 
testing much simpler. Once the memory is 
found to be functional, communication with 
the disk can be tested. Grounding pin 11 of 
ІСЗОВ will force the hardware to execute a 
continuous string of read or write commands 
depending on the state of flip flop 31A. 
Flip flop 31A can be used to choose either 
read or write commands. When writing, the 
normally present reset signal at the timer 
counter (pin 13 of IC26) will be lifted. This 
allows the counter to count pulses from the 
oscillator. Pulses from the clock gate, pin 6 


Figure 5: Timing diagram for read and write operations, Also shown is the physical and logical layout of the data on the floppy 
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A 16K RAM board for only $289? 
Central Data's got it! 


Central Data’s 16K RAM board comes com- 
pletely assembled, tested and burned in for only 
$289. Our competitors find that hard to beat. But, 
the low price is not all we offer. 

The Central Data 16K RAM board is complete 
when you buy it from us, but we offer the added 
feature of expandability to 32K. Someday you'll 
need more than 16K, and when that day comes, 
you'll be ready. The cost of adding 16K to your 
present Central Data 16K RAM board is $250. A 
32K RAM board, assembled, tested and burned in, is 
$525. 


Circie 16 on inquiry card. 


The invisible refresh feature of our board means 
that the performance of your system can never be 
degraded by wait cycles. Some of our competitors 
find that hard to beat too. 

Our RAM board is S- 100 compatible, and it has 
an access time of 450ns. 

Each Central Data board comes with a one-year 
warranty. 

With a price that low and features that good, 
how can you afford to pass up our board? 

To order your 16K RAM board or to receive more 
information, write to us at Central Data today. 


Central 
ata 


PO Box 2484, Station A 
Champaign, IL 61820 
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Photo ła: Data as it appears when first received from the disk drive for 
eventual storage in the buffer memory, 


a IE Le аған аа a eS 
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Received clock 


* 


Received data latch 


Photo 16: An example of data which has been received from the disk drive 
and rearranged for storage in the buffer memory. 


SEP DATA 


of IC28A, will be a continuous stream of 
pulses separated by 4 gs. Pulses from the 
data gate, pin 8 of IC17, will be dependent 
on the raw data coming from the 2102As. If 
the raw data is a steady high, the signal from 
the data gate will be similar to that from the 
the clock gate with the exception that the 
two signals will be displaced in time. When 
the two signals are combined at pin 8 
of IC28B, they are interleaved. While the 
interface is in forced write mode, the clock 
pulses from the clock gate are applied to 
the address counters, pin 8 of 1C25, These 
counters should be counting properly. 
Whatever data is stored in the 2102As 
should be coming out serially on the raw 
data line. 

To test the read function, you will need 
a working disk drive and a prerecorded 


diskette. With the head loaded, a stream of 
data and clock pulses similar to those ob- 
served in the write circuits should be present 
at SEP CLOCK and SEP DATA. The one- 
shot should fire (pin 1 of 1С22) on the 
trailing edge of each clock pulse. The one- 
shot's output should appear at the address 
counter's input and at the read and write 
line of the 2102As, pin 3 of ICs 4, 14 and 
24. The 1 bit SEP DATA latch IC is set at 
the leading edge of any SEP DATA pulse 
and reset by the trailing edge of the one- 
shot's output. 

The only other circuit of any complexity 
is that of the interrupt flag. If a read or 
write operation is terminated normally by 
the occurrence of the second sector pulse 
at the “busy” flip flop (pin 11 of ІСЗОВ), 
then resetting the flip flop will clock the 
interrupt flip flop on (pin 9 of ІС27В) 
and either generate an interrupt or be 
used as a flag. This interrupt flip flop will 
remain on until software clears it by setting 
the interrupt clear flip flop, or until hard- 
ware clears it as soon as the transaction 
request flip flop, pin 6 of ІСЗОА, is set in 
preparation for another read or write 
operation. 

AM other circuits are address decoding, 
latching, or bus driving functions and do 
not bear explanation here. 


Drive Power 


The lowly power supply is usually the 
least considered element in a system until 
it has to be paid for or fixed. Most floppy 
disk drives are extremely inefficient, due 
principally to the stepper motor. In the 
Memorex design the stepper motor con- 
sumes 24 V at 2A. | have had only one 
troublesome power supply problem. It 
turned out to be due to an induced transient 
caused by a snapping action in the rectifier 
diodes during recovery and turn off. The 
resultant noise caused problems everywhere. 
| solved this by simply shunting the diodes 
with .05 or .1 ШЕ capacitors. 


Intercabling 


Memorex offers a version of its drive for 
use with twisted pair signal lines and a print- 
ed circuit edge connector in place of the 
93 22 coaxial cable and captive pin connec- 
tor of the original. This newer version should 
definitely be specified when buying fram 
Memorex. For intercabling of six to eight 
feet between the interface card and the 
drive, twisted pairs will be adequate and 
virtually any connecter will suffice. Each 
twisted pair should consist of a signal wire 
paired with a ground wire and have one or 
two twists per inch. If you have a high 


CHEAPER BY THE BYTE 


The Dual Digital Cassette Storage System 
Only $450 Only from Pheripheral Vision 


For the first time ever there’s an inexpensive, 
reliable system for mass data storage. Peripheral 
Vision introduces the Phi-Deck Cassette Storage 
System for the S-100 Bus. For only $450. 


That's right. $450. That gets you two Phi-Decks, 
controller card kit and power supply. Which 
means you get more bytes per buck. Take a look. 


The features: 
ә Controller card supporting mutiple drives 
е Computer-controlled operating system — 
an 8080 version of PhiMon 
* Large data capacity: 
254,000 8-bit bytes on C-30 cassettes 
508,000 8-bit bytes on C-60 cassettes 
е Software error rate less than 1 bit in 10* 


What our system allows you: 
е Indexed software controlled program file 
е Indexed random retrieval 
е Multipass compilers 
e Duplication and backup of important data 
* Large data files — lists, names, business 

accounts 

е System residence 


What our software operating system offers: 
е 8080-Бавей design 
е Cyclic redundancy check (CRC) error 
detection 
е System retries after soft errors 
Automatically bypasses hard errors 
е Block size from 1 to 256 bytes or 256-byte 
increments 
е Phi Deck Monitor Operating System 


Circle В7 on inquiry card. 


How to get connected: 


With Peripheral Vision's new four-port I/O board. 
It's another one of our bargains. Only $85. To save 
you bucks. 


$ 


m 


ИНТ 


We've only given уои a glimpse of our exciting 
new cassette storage system and the four-port I/O 
board. For more details, just fill in the coupon 


(ОШ 


PO Box 6267 Denver, Colorado 80206 303 777-4292 


O.K., I'll byte! Send me details on your cheaper 
way to store data and get it connected! 


Name 
Address 
City/State/Zip 
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density application you should consult the 
manufacturer of the drive for recommended 
cabling, since comparatively high speed 
signals are involved. 


Error Conditions 


Three fundamental types of errors should 
be allowed for in the system: 


ө Desired data not accessible due to 
improper recording, dirt, or noise 
during reading. 

€ Wrong data accessed due 1o wrong 
track or sector. 

e FILE UNSAFE error flagged by disk 
drive. 


All three types of errors must be discovered 
by the software in order to establish reliable 
operation. 

The FILE UNSAFE errar is probably the 
most common Lype encountered. It typically 
results from attempting to write to a write 
protected diskette or attempting to write 
while the door of the drive is open. Malfunc- 
tions of the electronics within the disk 
drive will also cause a FILE UNSAFE 
error. These are quite rare, at least in Memo- 
rex drives. Since this type of error is Lypi- 
cally due to the operator, Memorex rec- 
ommends that manual intervention be 
required to reset the error condition. 

Accessing wrong data because of being on 
the wrong track or sector will occur if the 
step rate of the pulses formed by the step- 
ping software is too fast for the stepper 
motor or if electrical noise causes the sector 
counters to miscount. This type of error can 
only be detected during a read operation, 
and only if the sectors being read are for- 
matted with information describing their 
intended physical location on the diskette. 
This is the purpose of the track sector 
identification (TSID) word included with 
each record written to the disk. When the 
record is read, the track sector identifica- 
tion is checked to see if it agrees with what 
was supposed to have been read. If it does 
not, an error has occurred. In practice this 
type of error should never occur unless 
there is some serious malfunction due to 
faulty design, improper operation, or bad 
software. In my prototype software, all 
operations halt when this type of error 
occurs and the operator is required to 
restart it. 

The first of the three errors listed above is 
supposedly the most common. |n my experi- 
ence, though, it is quite rare ғ the drives and 
diskettes are kept clean and operated prop- 
erly. The error is detectable by virtue of 
the checksum, a binary sum of al! bytes of 


recorded data which is recorded at the end 
of the data field in the record, When the 
operating software reads a sector, it com- 
putes its own checksum and compares it Lo 
the recorded checksum. If the two sums 
disagree, an error has occurred. 


Improvements 


Since one step has already been taken in 
making the interface useful in an interrupt 
driven system, it might be sensible to make 
the interface more completely interrupt 
driven. In other words, eliminate the require- 
ment that the processor wait during the 
rotational latency. This could be accom- 
plished by simply adding latches and com- 
parators to the sector counters’ circuitry such 
that the processor could issue a desired 
sector number and a read or write command, 
then go about its business while the com- 
parators search for the proper sector and 
initialize the read or write operation. This 
feature would probably only increase the 
chip count slightly and might be a warth- 
while addition to units used with sophisti- 
cated disk operating systems. 

The design I’ve discussed has been fur- 
nished to Midwest Scientific Instruments 
Inc for manufacture under license. The 
addressing structure of the Midwest 5сі- 
entific version differs from that shown in 
the schematic of figures 1 and 2 in that 
they added peripheral interface adapter 
(PIA) chips, through which all communi- 
cation between the processor and the 
interface must pass. This does not change 
the fundamental operation of the system, 
but it does increase the chip count. Budget 
minded users with the ability to build their 
own hardware are advised to build their own 
system, since it is basically not very compli- 
cated. 


As an aid to persons building their 
own systems, the complete software, 
excerpts of which are used in this article, 
consisting of a 1 K byte microdisk opera- 
ting system, is available for $10 in source 
form for the 6800 processor. Send to 
David M Allen, 1317 Central Av, Kansas 
City KS 66102. This software is written 
to utilize the routines of MIKBUGTM 
and provides named files of assignable 
length. Persons interested іп hardware 
and software systems based on the inter- 
face discussed here should contact Mid- 
west Scientific Instruments Inc, 220 W 
Cedar, Olathe KS 66067, (913) 
764-3273. 


PROFESSIONAL 


FOR THE SERIOUS 
HOBBYIST 


Features: 
в ASCII code 


" Choice of RS 232 Serial Interface'or 
Parallel Interface (requires 3P + S) 


a Nationwide service locations 


\ 
AJ 841 WARRANTY AND SERVICE IS \ K 
AVAILABLE IN THE FOLLOWING CITIES: 


яр 


14.9 characters per second printout 


Special introductory price — $995 
(regularly $1195). 75% discount over 


original price of new unit. 


Order direct from factory 


30 day warranty — parts and labor 


"Available March 1078 


" High quality selectric printing 


= Off line use as typewriter 


~ 


THE AJ 841 1/0-А COMPLETELY 
ee sel REFURBISHED IBM SELECTRIC 
TERMINAL WITH BUILT IN ASCII 
INTERFACE —-JUST $995 


* Reliable, heavy duty selectric 
mechanism 


* 
> 
Ж” 
ANDERSON 


JACOBSON 


Anderson Jacobson, Inc., 521 Charcat Avenue 
San Jose, California 95131, (408) 263-8520 


TT oes 2 “ы. Чу. ee 


CLIP AND MAIL WITH ORDER 


Los Angeles Cincinnati 
Philadelphia Detroit 
Hackensack Dallas 
Columbus Houston 
Cleveland Atlanta 
San Jose Chicago 
Boston New York 
Washington, D.C. 

HOW TO ORDER AN 

AJ 8411/O TERMINAL 


1. 


№ 


сз 


Make cashier's check or money order pay- 


able to: ANDERSON JACOBSON, INC. 


Address your request ta: 
Persona! Computer Terminal 
ANDERSON JACOBSON, INC. 
521 Charcot Avenue 
San Jose, CA 95131 


Upon written notification, pick up your ter- 
minal at the AJ service office located in one 
ofthe above cities. Allow six to eight weeks 
for delivery. 


. Afinal check of your unit will be made at the 


4. 


local AJ service office at time of pick up. 
Fer warranty or repair service, return unit 
to designated service location. 


SELECT EITHER: 


O RS 232 Serial Interface {Available March 1978) 
O Parallel Interface (requires ЗР + 5) 


Number of units 

Local Sales Tax 

Shipping and handling $35.00 each 
{excluding San Jose) 

TOTAL 

NAME 

ADDRESS 

CITY 


PHONE ( — — —] 


@ $995. each $ 
$ 
$ 


$ 


STATE 


ZIP 


mp ors CUPRUM ————] 


Circle 3 on inquiry card. 
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Some people build personal computers for the love of building. And 
the systems they buy are usually more fun to build than to operate. 

The Equinox System ``, on the other hand, is designed for people who 
build for the love of computing. When you put it together, it's really to- 
gelher, Ready to work for, and with, you in the development of your own 
professional, intellectual, business and even social interests. 

The Equinox System TM goes together easily with construction aids 

like parts legends and solder masks. The Equinox System ™ fits together 
perlectly, and will continue to be a perfect fit with future hardware and 
software. And it's all S-100 compatible, so you'll be able to work together 
with the largest group of peripherals, software, suppliers and system 
users in personal compuling. 

Mainframes, interfacing, memory, software—The Equinox System 

has it all together now. 

Really together. 


THE MAINFRAMES 


The Equinox System” M offers an important choice in mainframes. 

The Equinox 100 ™ mainframe integrates the popular 8080A CPU 
inlo a powerful front panel programming center. For users who prefer 
another CPU, however, we also offer the Equibox TM a fully engineered 
cabinet, power supply and S- 100 busboard system ready for installation 
ol your choice of CPU. 

It would be difficull to forego the speed and convenience of the 
Equinox 100 '™ front panel, however. It allows you to work in concise 
octal digils on a 12-key keyboard and digital LED display. It allows you 
to monitor and/or alter the contents of any CPU register or register pair, 
lO device or memory location. And the Equinox 100 '" front panel 
will perlorm these operations while fully halted, single-stepping, or Slow- 
Stepping ™ at a programmable rate! 

lt is, quite simply, one of the most powerful, intelligent and wonder- 
fully convenient front panels in the world. And comparisons of The 
Equinox System™ mainframes don't gop at the front panel. 

Both Equinox 100 ™ and Equibox М compare directly to full-scale 
and mini computers in reliability of operation. Both Equinox 100 1M and 
Equibox ™ are equipped with massive 26-amp Constant Voltage (ferro- 
resonant) power supplies to protect your programs from in-home appli- 


TM 
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ance loads, system loads, and even area-wide line voltage drops as 
low as 90 VAC. 

And the exclusive Noisequard ™ system on our 20-slot busboard 
produces signals that are "textbook clean," eliminating a major source 
of data errors and mterfacing problems that plague most other 
personal computer systems. Plus, there are dozens of other features 
to make your mainframe 
more convenient: carrying 
handle and tilt-up stand, key- 
operated power switch for 
system security, spare power 
regulators for your small 
peripherals, and more. 

It's no wonder that Equinox 
mainframes have been acclaimed as a major advance i in per- 
sonal computers. Equinox 100 ™ or Equibox ™—each has the 
features you want all together in one elegant package. 


THE INTERFACING 


Interfacing your input/output devices to your mainframe can 
be a frustrating, expensive and time-consuming process. 

That's why The Equinox System ™ offers all the interfacing 
you're likely to need in one low-cost kit. 

The Equinox I/O Interface is a single board that plugs right into your Equinox 100" “bus. And 
you're ready to plug in З audio cassette units with individual motion control, a Teletype” or 
RS-232 terminal, and any 8-bit parallel device. . . including graphics display, line printer or 
paper tape reader. 

The Equinox I/O Interface has 1K bytes of RAM and ROM on board, preprogrammed with 
powerful Cassette Operating Executive (COPE) software. COPE handles dozens ol interfacing 
and data handling tasks to increase the efficiency 
of your software. Your programs can store and 
retrieve cassette data with a simple CALL COPE 
instruction. Data is formatted, checked and trans- 
ferred in blocks up to 64K bytes with a single READ 
or WRITE instruction. COPE can even bootstrap 
your programs. 


TM 


All Equinox software is designed to make full use of COPE capabili- 
ties. So loading your Equinox software is as simple as selecting an 
address and pressing RUN. Cassette data storage has never been 
more convenient. 

The Equinox I/O Interface is programmed for the highly-reliable 
300 baud Kansas City Standard for cassette data transfers. . .but can 
be reprogrammed lor faster 
rates in the future. Your TTY/ 
RS-232 channel also features 
user-programmable rates up 
to 4800 baud, And you have 
access to all COPE routines. 

There is no more cost- 
effective way to handle your 
system interfacing. And the Equinox I/O Interface is even 
more attractively priced when purchased with a complete 
system. 


THE MEMORY 


You can gel your Equinox System ™ together with more 
low-cost memory. 

The Equinox System TM is the first system to offer the 
ECONORAM IIl" 8K X8 memory board with the advanced 
SynchroFresh ™ natural-timing refreshing system. 

Configured as two individually addressable 4K blocks, the ECONORAM III ™ comes as- 
sembled, tested and guaranteed to work perfectly in your Equinox System '" for one full 
year. It is also available as a lower-cost kit. 

For tight budgets, the K-Ration ™ 4K x8 static memory kit is also available for your Equinox 
System 


. This high-efficiency design is one of the most widely used, lowest power and lowest 
cost memories available for S- 10O systems. 
And the memory savings are even greater 
when you purchase your Equinox System 
all together! 
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Circle 83 on inquiry card. 


THE SOFTWARE 


The Equinox System TM now includes two primary software packages: 
EQU/ATE for text-oriented programming, editing and assembly, ar.d 
BASIC-EQ language for number-oriented programming, 

Both of these powerful programming languages have been greatly 
enhanced by full integration with our COPE intertacing software. 

EQU/ATE gives you the power oí a fully programmable text language. 
Using EQU/ATE, you can create programs to edit copy, keep inventory, 
manipulate your files of addresses or recipes, and more. 

EQU/ATE is also one of the most powerful editor/assemblers available. 
EQU/ATE writes, assembles and executes your programs. It is fully 
symbolic, accepts global symbols and assembles programs larger than 
available memory. 

EQU/ATE is also an extraordinary text editor which works interactively 
with you to edit by character, string or line It also offers full number edit- 
ing of memory contents in octal, hex or decimal. 

-Yet, EQU/ATE is extremely compact, occupying only 4K of memory 
with 8K total memory required. 

BASIC-EO is a powerlul, interactive, high-level programming lan- 
guage developed for math and science applications. [ts primary use 1s 
in the manipulation of numbers, although it is capable of string oriented 
operation. Our version, BASIC-EQ, occupies 5K of memory. 

Both BASIC-EQ and EQU/ATE are supplied on cassette, ready іо 
load themselves into your Equinox System |. They are competitively 
priced. . and are even more attractive when purchased together with 
your Equinox System ''". 


GET IT TOGETHER! 


For more information and ordering: 


BY MAIL Send check or money order to Equinox 
Division, Parasitic Engineering, P.O. 
Box 6314. Albany. California 94706 

BY PHONE 800-648-5311. BankAmericard/Visa and 
Master Charge accepted. 

IN PERSON See The Equinox System™ at your local 


computer shop. 


*A trademark of Teletype Corporation. 
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oul paper, purchased programs, etc) which 
have limited life spans ancl were not included 
under cost of goods sold and/or operations 
in Schedule С-1. 


Taxing Situations at Home 


If you're working out of your home 
you may only claim deductions if some part 
of your home is used regularly and 
exclusively "(a) as your principal place of 
business, (b) as a place of business used by 
your patients, clients and customers in 
meeting or dealing with you in the normal 
course of your trade or business, or (c) in 
connection with your business if it is a 
separate structure that is not attached to 
your dwelling unit." [Page 23 of the 7976 
Federal Income Tax Forms package contain- 
ing Form 1040, Schedules А and B, 
Schedule C, Schedule D, Schedule E, 
Schedules R and RP, Schedule SE, Form 
2447. Dept of the Treasury, internal 
Revenue Service.] This means that if some 
portion of your home is used sofe/y for 
business purposes on a regular basis, you can 
deduct a percentage of your light, heat, 
telephone, trash removal, and rent or house 
payment for it. Thus, if you usc 15% of your 
house in this way, you can deduct 15% of 
each of the expenses listed. Some people 
figure iheir percentage on the basis of the 
number of rooms in the house (thus, if one 
room of a 5 room house is so used, 2096 is 
deducted); but | prefer the floor space 
method, whereby 200 square feet out of 
1000 total square feet of floor space must 
be used for business purposes to justify a 
20% deduction. This method reduces the 
risk of challenge. Be wary of taking this 
deduction, however, since using the area in 
question for any nonbusiness purpose can 
make a deduction illegitimate, Also, since 
computer entrepreneurs arc most likely to 
work on their businesses at irregular 
intervals, it may be impossible to claim that 
the area is used on a regular basis for 
business. |f vou can legitimately claim 
these deductions, however, they increase 
the total deductible business expense 
considerably. 

Line 20, which is the result of all these 
entries and computations, shows the sum of 
all deductions (lines 6 through 19k). If this 
is larger than the sum on line 5 {totai 
income), enter the difference, preceded by a 
minus sign on line 21 as net business loss, if 
it is smaller, again enter the difference on 
line 21, preceded this time by a plus sign, as 
your net business profit. in either case, enter 
the figure that appears on line 21, with its 
appropriate sign, on line 29, business income 
or (loss) (atiach Schedule C), of form 1040. 


Schedule C-4, ехрепзе account 
information, probably won't apply to com- 
puter entrepreneurs, Only expense account 
allowances which, added to salary, exceed 
$25,000 need be entered, 


Schedule SE 


Schedule SE is for computing your social 
security self-employment tax. If you aren't 
making a profit above a certain amount 
(currently $400, subject to change by law) 
you don't have to pay social security tax; 
but it's advisable to fill out the form 
anyway, because it proves that you owe no 
social security tax. 

As usual, there is a place at the top for 
your name, social security number and type 
of business. (See figure 3; Schedule SE has 
no printing on back.) Part | is for those 
engaged in farm self-employment. (t doesn't 
apply to nonfarm people and can be ignored. 
Part ПІ, for nonfarm self-employment, how- 
ever, does apply. Fill in line 5a with the net 
profit or loss figure calculated for line 21 
of Schedule C. Lines 5b, c, d and e probably 
will not apply. Line 5, the total of lines 5a 
through 5e, represents total nonfarm self- 
employmenL income. Some adjustments to 
your business income permitted in the 
figuring of Schedule C are not allowable in 
figuring your income for the purpose of 
Schedule SE; the latter are covered on line 
7. These adjustments include, for example, 
net operating losses from a previous year, 
income of public officials, rentals received 
from certain kinds of real estate, and the 
like. They are not likely to affect computer 
entrepreneurs, so | only note their existence 
here and refer you to the IRS instructions 
for Schedule SE. Business income (or loss) 
plus these adjustments is shown on line 8. 

The nonfarm optional method, lines 9 
through 11, may be used by those who did 
make a net profit and whose profit is both 
less than $1600 and less than two thirds of 
their gross profit. It involves comparing two 
thirds of your gross nonfarm profit (or 
$1600, whichever is smaller) with $1600 and 
calculating your social security tax on the 
smaller amount. For most computer entre- 
neurs, this won't apply, at least during the 
first few years. 

Social security self-employment tax is 
calculated in part Ill. Enter your business 
profit or loss (from line 8 or line 11) on line 
12b. Add to it (on line 12a) any farm earn- 
ings (probably О in this case) and add 
them on line 13. If the resulting amount 15 
less than $400, you owe no tax and can stop 
filling in the schedule right there; if it is 
greater than $400, you must total your 
wages and tips, etc, subject to FICA (the 


Federal Insurance Contributions Act) on 
fines 15a through 15c and subtract the 
total from the maximum amount subject 
to social security tax, which is shown on 
line 14. The result of this subtraction goes 
on line 16 and whichever amount is smaller, 
line 13 or line 16, goes on line 17 as the 
basis of your social security tax. In 1976, 
the maximum amount of earnings subject to 
social security was $15,300, and whoever 
had this much or more was required to pay 
$1208.70. Тһе tax оп апу amount less than 
the maximum was computed by multiplying 
the amount by 0,079. These figures are 
subject to change, however, and should be 
used only as a general gauge of tax amounts. 


Being Prepared 


Most people begin their computer enter- 


SCHEDULE SE 
(Form 1040) 
[елле] at e Таши 


Computation of Social Security Self-Employment Tax 


зей -етрізуей person must file а Schedule SE. фр, Attach to Form 1040. 
See рари vrinei rr сайы 1040). 


prises in the hope of picking up a little cash 
to help improve their home systems. They 
rarely bother to account for expenses, 
assuming that they would have “spent the 
money anyway,” and they usually pay 
little heed to profits apart from spending 
them quickly for more or better computing 
equipment. But hobby income is taxable, 
and if one suddenly finds him/herself with 
a product or service that is selling like the 
proverbial hotcakes, he/she can also build 
up a hefty tax bill without realizing it. 
Similarly, if one doesn’t record the expenses 
that the enterprise entails, a thousand dollars 
could easily be spent to attain an income 
of only 9227. Ейһег way, it can get 
uncomfortable. 

Keeping even the most simplified records 
from the start will help solve these problems. 


1976 


алман Sentra 1.2 566: пие toe Schede SE Coen EON mue ue he 
© I you had wages, Including tips, of $15,300 or more that were subject to social security or railroad retirement taxes, do not fill in 
this. schedule (unless you are eligible for the Earned Income Credit), See Instructions. 


© tf you had more than one business, combine profits and losses from all your businesses ond farms on this Schedule SE. 


Important.—The selt-amployment income reported bolow will be credited (o your social secunty tecord and used on hgutng socal secunily benefits. 


NAME OF SELF-EMPLOYED 
FARADAY JESSUP WINSTEAD 


PERSON (AS SHOWN ON SOCIAL SECURITY CARD) 


Social securrty number of 
seltemployed person p» m p экан 


Business activities subject to self-employment tax (grocery store. restaurant. tarm, etc.) TY ботфатЕ ё. SERVICE 5 


ГЕП you hove only farm income complete Parts i and 11. & 1! you have only nonfarm income complete | Parts Il and 111. 
Ф If you have both farm and nonlarm income complete Parts |, 11, and IIl. 


Computation of Net Earnings from FARM Self-Employment 

Fou тау elect to compute your net farm earnings umng the OPTIONAL METHOD, line 3, instead of using the Regular Method, tine 

E: if your gross profits are: (1) $2,400 or less, or (2) more than 52,400 and net prohts аге 1055 than $1,600. However, fines ¥ and 
3 must be completed even if you elect to use the FARM OPTIONAL METHOD. 


REGULAR METHOD 
1 Net profit or (loss) from: 


FAR 
3 Jf gross pi 
from farming * аге: 
L Gress tE prana fim іштім are the fatal gross profits tram Sone: 


hodi, ріше the 
a карда an instructions tor 3cheduia 


а Schedule F, line 54 (cash method), or fine 72 (accrual method) la 

b Farm partnerships » 2 2 a > 

2 Net earnings from farm self-amployment (add lines la and b). .... 2 
M lieri METHOD a Not more than $2,400, enter two-thirds of the gross profits , . 

b Моге than 52,400 and the net farm profit i$ iess than $1,600, Enter 51,600 


dule F, ine 28 (cash method). or iae 70 raccruai 
itive abate of ағыс profils (rom faim үчне Да (Schedule K-1 {form 129), tine 14) | 


4 Enter here and on line 123, the amount on бле 2, or line 3 if you elect the farm optional method . 


Computation of Net Earnings trom NONFARM Selt-Employment | 


в Schedule C, ипе 23. (Enter combined amount if more than one business.) 
b Partnerships, joint ventures, etc. (other than farming) 


REGULAR METHOD 
5 Net profit or 


(loss) from: tine . 


4444.41... «а. ота 


с Service ав а minister, member of а rehgious order, or а Chnstan Science 
Practitioner, (Include rental value of parsonage or rental allowance fur- 
nished.) If you 1109 Form 4361, check here > |) and enter zero on this 


. 4. ++ ж ж «+ + 


d Service with а forel reign g government or ihternatianal organization "ЖКГА eu 


е Other scr "ier lia E Specify в. 


Б Total (add lines Sa through B) . » « « » „ „ „ m or э ot oo а э ө ө ө э э n 
7 Enter adjustments if any (attach statement) « s 2 e s 0 4 © eo oo om on B on oe 
B Adjusted net earnings оғ (Joss) from nonfarm self-employment (line 6, as adjusted by line 7). . 

It line 8 is $1,600 аг more OR if you do not elect ta use the onem Optional Method, omit hnes 9 


through 11 and enter amount from line B on hne 12h, Part 


EL pniy be uted for 5 taxable yea 
NONFARM OPTIONAL METHOD 


ad actu 
lem yes ‘yrora? 1973. 19/4. and 1973. The nonfarm ойе! mictiicd 


9 а Maximum amount toportable, under both optional methods combined (farm and nonfarm) 20. 
b Enter amount from Ime 3. {if you did not elect to use the farm optiona! method, enter zero) , 


€ Balance (subtract Hine 9b from line 9a) 


10 Enter two-thirds of gross nontamm profits * or $1,600, whichever is smaker . Si^ is, al 


21 Enter here and on tine 125, the amaurt on line Әс or line 10, whichever i$ smaller. . , 
3Groas prófa trom nantarm buyiress are (һе total of the gross profits from Schedule С. Une J, plus the үз ait һы. 


Hyg shace of gross proirts from pantarm partaerttipe (Schedule K-I (Рог 1069) ^ne 34у as эрите эт ersituc- 
hons for Schedule SE. Alio, incinda grosa profts from services reported on бтп» Se, d, 


e аз adweted 


by Line 2. 
[ Part її] Computation of Social Security Self-Employment Tax 


22 Net aarmings or (loss): a From farming {irom іле 4) . . 


ош are not subject to self-e 


с Total of lines 153 and b . 
16 Balance (subtract line 15c from fine 14). 


I 
b From nonfarm {from line В, or line 11 if you elect to use the Nonfarm Optional Method) . 

13 Total nat earnings ar (loss) from self-employment reported on line 12. (Ii lina 13 is less than 2400, 

nt tax. Do nat fill in rest of sc 

14 The largest amount of combined wages and self-employment earnings subject to social secunty ar 
ralirood retirement toxes for 1925іЕ6....40...4..4.....,.2...../,, 


15 а Total "FICA" wages and "RRTA" compensation . . + 6 «© s | ———3À— 
alk 15b 


b Unreported lips subject іс FICA tax from Form 4137, lina Ч of to RETA , 


. eoo 
. = 6224 44 


- 529 |284 


815,300 


17 Self-employment income—line 13 or 16, whichever is amaller, ,..6....,.,.,. 
18 Self-employment tax. (If lint 17 is $15,300.00, enter ae 70; if less, multiply the amount on line 


17 by ,075.) Enter here and on Form 1040, line 58. 


Yr Vt. Amicum T МАТЕ OFT VL - 1Я-О-219-М4 = ат 007 


Figure 3: Schedule SE, 
"Computation of Social 
Security Self-Employment 


Tax." 
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Then when the point is reached at which 
taxable income is emerging, it is possible to 
convert fairly painlessly to the more detailed 
documentation that is desirable to support 
tax forms. 11 is important, however, to start 
keeping records of some sort immediately. 
Paper bags work well for some people, a 
simple spiral notebook for others {there are 
perhaps as many systems as there are 
people), but without records, no tax losses 
can be claimed, no business expenses can be 
substantiated, and no firm idea of the enter- 
prises's success or failure can be developed. 


Auditory Nerves 


Any tax form is regarded as potentially 
fraudulent and, if it comes up for review, it 
is winnowed for any defect, (1 have been 
reviewed in the past and it resulted in my 
receiving a larger refund. Мем small 
businesses are especially subject to review, so 
extreme care is necessary when documenting 
expenses; but that care can pay off as a 
handsome tax loss or a watertight set of 
forms with which even the most eagle eyed 
taxman can find no fault, If you operate on 
the principle that you must be able to prove 


the legitimacy of anything you claim, you 
need have no fear. 


Conclusion 


If you're trying to make some money 
with your home system, why not start 
recording what the enterprise is costing you 
and what you're earning from it? You may 
be a та!) business already and you may be 
able to derive tax benefits from that status. 
Almost more important, wouldn't it be nice 
to know whether or not your enterprise is 
profitable? Give it a try, and before long 
you'll find that the additional tax forms 
hold no terrors for you.m 


USEFUL GOVERNMENT PUBLICATIONS | 
Available from the Internal Revenue Service | 
(free, on request) 

Tax Guide for Small Business — publication 
334 

Recordkeeping for a Smal! Business — publica- 
tion 583 

Tax Information on Depreciation — publication 
534 

Tax Withholding and Declaration of Estimated 
Tax — publication 505 


V HARDWARE 
Stores greater than 500K bytes per side of a C-60 
lape. 
Access a file in 17 seconds average on a C-60 tape. 
Load 8K of data іп less than 11 seconds (6250 baud). 
100% interchangeability of cassettes with no adjust- 
ments required or allowed. 
Compatible with all popular S-100 Bus Microcom- 
puters. 
Audio track under computer control. 
Eliminates the need for ROM/PROM monitors. 


p^ SOFTWARE 

* MCOS, a powerful stand-alone cassette operating 
system, is operationally much simpler than a D.O.S., 
handles variable length named files, will update a 
file in place, packs or copies tapes with a single 
command. 
EXTENDED BASIC with MCOS permits array hand- 
ling and concatenation of files, plus all capabilities 
of MCOS. 


THE ALPHA-1 SYSTEM 
“RATED A BEST BUY 
IN MASS STORAGE 


P^ PRICES START AT $240 


p^ APPLICATIONS 

“ BUSINESS applications include mailing lists, payroll, 
billing, and inventory. 

* CASSETTE BACKUP for disk-based Systems not 
only provides large amounts of storage at low cost, 
but also provides for convenient storage of histori- 
cal records. 

DEVELOPMENT SYSTEM features include a power- 
ful operating System with an Editor, Assembler, and 
Debugger, plus a variety of System utilities which 
speed development. 

OEM applications include P.O.S. data capture, word 
processing systems, audio-visual presentation sys- 
tems, telephone call transfer systems. 


L^ FREE BUYERS GUIDE 

If you are shopping for a tape or disk system for your 
5-100 Bus Computer System, you do not have all the 
facts until you have the MECA "BUYERS GUIDE TO 
MASS STORAGE." This 10 page guide book provides a 
framework for evaluating cassette, cartridge, and disk- 
based systems. Write for your copy today. 


For complete information including the Dealer nearest 
you, write or phone: 

meca 

7026 O.W.S. Road, Yucca Valley, СА 92284 

(714) 365-7686 
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Now you can gain all the speed and flexibility of a 
disk-based PolyMorphic microcomputer system 
without scrapping your POLY 88. 

Our POLY 88 Upgrade-to-Disk Kit enables you to 
quickly and easily convert your POLY 88 into a 
complete System 8813, a very versatile disk 
system with one, two or three floppy disk drives. 

You retain all the essential parts of your POLY 88 
system (including the powerful BASIC software 
library) and gain the increased access speed and 
programming flexibility of PolyMorphic's remarkable 
new System 8813. 

Our POLY 88 Upgrade-to-Disk Kit contains every- 
thing you need to perform a quick "disk transplant" 
on your POLY 88 at home, using a few simple tools. 
Each upgrade kit contains a brushed aluminum 


Perform a 
. disk transplant 


front panel and walnut cabinet with one, two or 

three floppy disk drives, controller, power supply, fan 
and 2K of ROM. You also receive two copies of our 
system disk, containing our powerful disk 

operating system, fully extended BASIC and versatile 
text editor and assembler. The single-drive POLY 88 
Upgrade-to-Disk Kit costs $1,450. 

Why wait? Drop by your nearest PolyMorphic 
Systems dealer today and have him demonstrate 
the speedy and flexible new System 8813 for you. 
Then, ask him to show you just how quickly and 
easily you can perform a disk transplant on your 
POLY 88. 

If you can't drop by your dealer, please call us at 
(805) 967-0468. Or write PolyMorphic Systems Inc., 
460 Ward Drive, Santa Barbara, CA 93111. 
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The Motorola 6800 Instruction Set 


Paul M Jessop 


Two Programming Points of View 1187 Warwick Rd 


Instruction Field Encoding. 


БЕГЕН КИЕ Group 1: Dual operand instructions 


N ne ge, шш 
А ОР 


0-А,6 00- 
1-8,Х 01-0 
10 = X 
11 = Е 


ЕШЕКЕННІШ Group 2: Single operand instructions 


er, ee 
00-1 ОР 
01=D 
10-Х 
11=Е 


|0|0|0|0|0) | | | Group 3: TPA, ТАР and МОР 


—„— 
ОР 


| D | 0;0|0|1 | | | | Group 4: Condition code instructions 
—— пик 
OP 


оо ||! Group 5: Accumulator instructions 


L| 

N 
oP 

N ааа 


оо оТ | || Group 6: Branches 


Condition 


lolo[s]:lo[| | | | Group 7: Stack and index register control 

чч. per 
OP 

lolo|1]:la] | |] Group 8: Interrupt and subroutine control 

ee 

ОР 


—, 


Figure 1: One way to organize one's viewpoint of the Motorola 6800 instruc- 
tion set is to view it as a number of instruction groupings, broken down by 
internal binary fields for selection of instructions within the group. This 
viewpoint is most appropriate for those working directly in binary, оғ or- 
ganizing the code generation parts of an assembler or compiler. 
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Solihull 
West Midlands B91 3HO 
ENGLAND 


When faced with the problem of trying Lo 
hand assemble a machine language program, 
the task of looking up each of the op codes 
in the manufacturer's data can be quite 
daunting. Admittedly, some become familiar 
before very long but the less common in- 
structions still cause problems (do you 6800 
users remember the hexadecimal op code for 
ТРА?). Two solutions to this dilemma are 
suggested here. The first is suitable for 
"switch flippers” and the second for users 
of MIKBUG and other systems with hexa- 
decimal dump and load functions. 


The First Solution: Use Instruction Fields 


Anyone who has seen the programming 
books for the DEC PDP 8 will be familiar 
with the principles involved. in the PDP 8 
instruction set, the first three bits of the 
12 bit word define the type of instruction 
and the remaining bits each have a separate 
function. This is of course a gross simplifi- 
cation and is not true for memory reference 
and IO instructions but it underlines the 
basic ideas. Now, study of the 6800 op 
codes reveals some interesting facts at the bit 
level. These are outlined in figure 1. 

These patterns are naturally related to the 
instruction decoding which goes on 
inside the chip, but they are a godsend to 
the programmer who must work in binary. A 
couple of words of explanation are needed. 
Branch to subroutine occurs іп ап unex- 
pected place but it is easy to remember if 
thought of as Jump, mode immediate. The 
generalization in group 1 bit 6 that a zero 
implies accumulator or stack pointer 
addressing does not hold true far compare 
index register (CPX), where it implies index 
register addressing. Naturally, the store 
instructions (STA, STS and STX) do not 
exist in immediate mode in the published 
definition of the 6800 instruction set. 


The Second Solution: The Ordered 
Manual Lookup Table 


The appropriate information is contained 
in figure 2. This should be a great boon to 
anyone who, for lack of memory or IO 


devices, has no assembler. The table is 
arranged in such a way that the first hexa- 
decimal digit is the horizontal coordinate, 
just as the x component comes first in a 
pair of Cartesian coordinates, The credit for 
inspiring this technique must go to Mr Fugitt 
(March 77 BYTE, page 36) for his 6502 
table, but this table for the 6800 is some- 
what more useful for both assembling and 
disassembling because of the way the codes 


The Ordered Manual 
Lookup Table 


Accumulator A 
as one operand 


Accumulator B 
as one operand 


Miscellaneous 
instructions 


Unimplemented 


SS Undocumented 
instruction: 


= 


» c 00 m 


Low (Second) Nybble 


See “Undocumented 6800 Instructions 
by Gerry Wheeler, page 46, December 
1977 BYTE. 


а а 
aaa а а е а 
[cos [в | tos | tox 


=]: р [ew | ce |5 

СЕН Шин ele 

Шш шиший (оюл _ 
| СРХ | 


fall into groups and the addressing modes 
fall into neat vertical lines. 

By way of a final word, the table can, if 
reduced small enough, make a very handy 
reference card. Mine has, on the front, 
tables to convert between hexadecimal, 
octal and decimal, and, on the reverse, 
the conditions required for branches, 
the restart vectors, details of the control 
code register and the stack register. ш 


NBA = And accumulators 
HCF = Halt and catch fire 
STS, STX, STA, STB = store immediates 


" 


High (First? Nybble 


EXER МК „жан 
-- n 


BE] wee [вс one [ona отк ora] 
=  ЕЗЕЗЕЗЕЗЕЗ «e| 


om 


Figure 2: A second way of viewing the 6800 instruction set is from the viewpoint of a hexadecimal matrix. Here a map of the 
6800 instruction set has been broken up into several overall regions, with color coding indicating references to accumulators A 
and B. Unimplemented and undocumented instructions are shown with a black dot; undocumented, but implemented instruc- 
tions are shown with cross hatching to indicate “use at own risk." 
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Product 


Description 


About the Author 


Bob Bumpous is a machine controls design engineer with Adolph Coors 
Company and has been doing discrete and computerized machine control 
design for the past four years. He previously worked for Bendix Navigation & 
Contro! Division on documentation of SKYLAB experiments. He is a 1969 
graduate of Texas Technological College with a BS in engineering physics, 
and has an ayocational interest in personal computing. 


A User's Reaction to the SOL-10 Computer 


Robert Bumpous 
212 N Ford 
Golden CO 80401 


Figure 1: Memory айоса- 
tions of the SOL design. 
Within the 1О area at 
р000 to  FFFF, the 
SOL-10 has a UART dedi- 
cated to the tape interface, 
a UART dedicated to the 
serial communications 
interface, a parallel key- 
board interface, one 8 bit 
input port and one 8 bit 
output port. 
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When | first saw the Processor Techno- 
logy SOL it was love at first sight. After 
acquiring the SOL system, ! found that it 
has everything (almost) a hobbyist needs 
in one package. 

The SOL-10 system which | purchased 


MEMORY MAP 
ообо 
PROGRAMMABLE MEMORY 
OR PROM MEMORY 
(USER SUPPLIED} 
0000-ВҒЕҒ 
cogo 


ROM OR PROM 
OPERATING SYSTEM 


сво0 
ІК USER MEMORY 

ссоо 
CCQO-CFFF 

СЕРЕ 
USER SUPPLIED 
0000 -FFFF 


MEMORY OR IO 


FFFF 


consists of a single 10 inch by 16 inch board 
computer, a keyboard, a power supply and 
cabinet. Figure 1 shows a memory map of 
the system which gives an idea of its overall 
structure. Processor Technology also makes 
the SOL-20 which has a heavier duty power 
supply and backplane for five extra S-100 
cards. 

The SOL single board computer is a com- 
plete beginning system. The board contains 
an 8080A processor with fully buffered data 
and. address buses which are brought to a 
connector at the center of the board where 
an S-100 compatible backplane daughter 
board can be plugged in. It also has a com- 
plement of IO ports. The board and oper- 
ating system are oriented around the parallel 
keyboard input port and video display 
output port. 1 K of the 2 K of program- 
mable memory on the board is used to store 
the 64 character by 16 line video display 
contents. The output of the display driver is 
an EIA composite video signal (1.0 to 2.5 V 
peak to peak) which will drive any standard 
monitor or even a modified TV set. The full 
128 upper and lower case ASCII character 
set is available for display. With the addition 
of a video monitor the system becomes a 
smart video terminal with either full or half 
duplex communications modes selectable 
from the keyboard. 

The SOL design has an asychronous serial 
interface port with switch selectable data 
rates from 70 to 9600 bps. This serial ІО 
port has both an RS-232 and 20 mA current 
loop output. Also included is an 8 bit 


Go tell it to 


RM ae % о ік 
TYS 


You can have 
low cost 
voice entry 


to your , 
computer with 


SpeechLab. 


Heuristics’ original 
Model 50 SpeechLab™ at $299 
was a great success. So, not 
content to rest on our laurels, 
we went back to our design 
bench and came out with the 
Model 20. It sells for $189 
completely assembled and tested 
for use with any S-100 Bus 
computer such as Sol, IMSAI, 
Altair or Cromemco and as 
the 20A, the Apple. 

Now obviously, we had to 
do a few things to bring the 
price down. The Model 20 has a 
somewhat shorter manual. 
Technically, it’s not quite as 
complex. Don’t kid yourself 
though, the Model 20 does a real 
job. You can control your 
computer to do such tasks as 
data entry, quality control 
and everything else where you 
want a “hands-off” operation. 
Elsewhere in the ad we've illus- 
trated some examples of the 
kinds of things you can do. 


About the Model 20 
Heuristics’ new Model 20 
handles up to32 words. Software 


Circle 49 on inquiry card. 


is ROM based. The Model 20 
uses 64 bytes per spoken word 
which is callable from BASIC. 
Hardware includes 
2 band pass filters with 2 bit 
amplitude, 2 zero crossing 
detectors and a linear amplifier. 
The combined hardware/ 
software/lab manual includes 
10 experiments. 
The ROM based speech 
recognition program occupies 
2K bytes of ROM. 


The Model 50, still a great 
buy at $299, 

Here's an S-100 
compatible system (8080 or Z-80) 
capable of handling a 64 word 
vocabulary using 64 bytes per 
spoken word. You'll get high 
speech recognition. 

Software includes 
SpeechBasic BASIC program- 
ming language in source and 
paper tape, assembly language 
speech recognition program 
in source and paper tape, hard- 
ware and self-test program 
in source and paper tape. 
SpeechBasic plot, correlation, 
recognition and advanced 
recognition programs are 
offered in source. 

The assembly language 
program uses less than 4K 
bytes for a 32 word vocabulary. 
It loads at 100H. A high core 
versionisavailable. SpeechBasic 
BASIC interpreter loads at 
0 and requires 8K. A diagnostic 
program is included. 

Documentation includes 
a 275 page lab manual with 35 


your computer for *189. 


experiments and a 100 page 
hardware manual. All manuals 
are now available as separate 
items. The big manual is ideal 
for schools and colleges as 
an introduction to speech and 
pattern recognition. 

Hardware includes 3 band- 
pass filters (6 bits amplitude), 
1 zero crossing detector, a linear 
amplifier, compression ampli- 
fier, 6 bit A/D converter and a 
beeper. The raw waveform 
is available for advanced experi- 
ments. A new noise cancelling 
microphone is also offered. 


Prices (f.o.b. Los Altos, CA) 


Model 20A (Apple) $189 
Model 20S (S-100 Bus) $189 
Model 20 manual $ 15 
Model 50 $299 
Model 50 lab manual $ 25 
Model 50 hardware 

manual $ 15 

(both manuals $35) 


Model NC-1 noise 
cancelling microphone $ 85 


More information. 

For more information 
visit your nearest computer 
store. Most dealers now carry 
the Heuristics line. Or if more 
convenient write for literature. 
Please address Heuristics, 
Inc., Box B, 900 N. San Antonio 
Road, Los Altos, CA 94022. 
Phone (415) 948-2542. 


Heuristics 
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TO RCVR OF 
TAPE МАНТ 


19200 Hz 


38400 Hz 


153.6 KHz 


COUNTER 


086 
4024 


иза 
7415804 


150 
300 
600 
1200 
L-2400 M 
о 2 2400/4800 
9600 


BREAK THIS RUN 
TO ALLOW 4800 
BP'S JUMPER 


Figure 2: One minor printed circuit bug found by the author in testing out 
the SOL computer was the run from point L to point М from 086 to the data 
rate selection switch, If 4800 bps operation is desired as an option, the run in 
question has to be broken and a jumper wire from point K to point M on the 


board has to be substituted. 
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parallel IO port which allows a user to drive 
any external peripheral. 

An option which | think is important to 
any system is the cassette interface. This 
option, used with the SOL, allows the user 
to read or write programs or data to a 
cassette tape at a software selectable rate of 
300 bps or 1200 bps using standard 
asychronous Manchester coded signal at 
1200/2400 Hz or 600/1200 Hz. 

The SOL-PC board itself is a high quality 
double sided G-10 type material with plated 
thru holes. There is an excellent solder mask 
on the board with all component locations 
clearly labeled. The unit | received, which 
was Revision D of the board, had two 
defects which Processor Technology asked 
the assembler to change: two lines crossed 
on the same side of the board and two lines 
to the S-100 bus were reversed. Both were 
easy to correct and ['m sure these defects 
will have been corrected on the next revision 
of the board. 

| also discovered what I think is another 
error on the board. Jn the circuit that 


selects the serial data rate there is a jumper 
that enables either 2400 or 4800 bps to be 
switch selectable. The board had the switch 
permanently connected to the 2400 bps 
position. This caused the serial IO to work 
improperly when 4800 bps was selected. 
Because there are lines feeding from this 
circuit to the cassette interface circuit, the 
cassette interface would not work properly. 
The problem is easily corrected by breaking 
the lines between the L and M jumper 
contacts (see figure 2). 

There is a moderate amount of large scale 
integration on the board. The 8080A pro- 
cessor, the ASCII 7 by 9 dot matrix encoder, 
the two UARTs used for the serial and 
cassette tape interfaces and the 5204 (512 
by 8) EROMs in the personality module 
are the LSI chips used. The programmable 
memory for the computer and display is 
made up of 2102 parts. All of the IO select 
switches and the IO connectors are located 
at the rear of the board for easy access. The 
personality module is located along the 
back edge to allow an easy change of the 
operating system. 

The system timing is derived from a 
14.31818 MHz crystal controlled oscillator 
that feeds the video character generator, 
UARTs, and 8080 clock divider circuits, 
MSI and SSI TTL along with an AH 0026 
dual MOS clock driver supply the 8080 
clock signals. There is an RC charge-up 
circuit that provides an automatic reset 
signal when power is turned on and a 
controlled "wait" period immediately after 
the reset signal. 

The Keyboard supplied as part of the 
SOL-10 system is a custom unit from 
Key Tronics which connects to the SOL-PC 
board through a ribbon cable connector 
which plugs into a header on the board. 
The keyboard uses no LSI encoder and no 
mechanical contacts and can easily be dis- 
assembled for cleaning. 

The keyboard is easy to assemble and 
check out. All of the data bits are latched so 
that they can be examined at leisure. The 
strobe bit is only on for a very short time, 
two to ten us. There is only one tricky part 
of the keyboard assembly procedure. This 
is the installation of the four SIP resistor 
networks. Extra care must be used in in- 
stalling these since they are not as clearly 
marked as most of the other items, and 
the two different sets of values will not 
allow the keyboard to work properly if 
interchanged. 

The power supply for the SOL-10 con- 
sists of a power transformer, an external 
filter capacitor for the 5 V supply and a 
regulator card to supply the required vol- 


Software systems from TSC are designed for 
tough business and industrial uses on the job 
or just plain fun off the job. Whether you are 
looking for a system to be used primarily in 
a working situation or a system for the home, 
look into TSC software. 


Assembly Language Programs (Include 
source Listings) 

SL68-29 6800 Text Processing System’ $32.00 
SL68-24 6800 Text Editing System’ $23.50 
SL68-26 6800 Mnemonic Assembler’ $23.50 


SL68-19 6800 Micro BASIC Plus* $15.95 
SL80-9 8080 Space Voyage $12.00 
SL68-5 6800 Space Voyage’ $12.00 
SL68-27 6800 Disassembler 5 9.00 
SL68-28 6800 Program Relocator 5 8.00 
PD80-2 8080 Game Package П $14.00 


SL80-8 8080 Blackjack 5 6.50 
MUB-68 Multi-User System — Write for details 
"Kansas City Standard object code cassette 
tape available for an additional $6.95. 
Paper tapes available for some programs. 
Send 25€ for complete catalog. 


TECHNICAL SYSTEMS 
CONSULTANTS, INC. 


: 4", = 
^ Acid MEN ВОХ 2574 W. LAFAYETTE | INDIANA 47906 
i ae te nee 24... s 317.742 7509 
ei om > 


SPECIALISTS IN SOFTWARE & HARDWARE FOR INOUETRY А THE HOBBYIST 
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Program-of-the-Month Club™ 

One year membership for $2.00. Discounts 
offered with no obligations. 

To Order: Include 3% postage, $1.00 handling , 
on orders under $10.00, and Indiana 
residents add 4% sales tax. Check your 
dealer! 


TSC Monthly Feature: 


8080 Text Editing System 
At Last! An 8080 version of the famous 
TSC 6800 Text Editing System. 


Written in assembly language, approx- 
imately 5k is required allowing local, 
global, content, character and line opera- 
lions. For example, with one command you 


can change the second occurrence of the 
string "12345" in the next 35 lines to the 
string “XYZ”. 


Included are Tabs, Overlay, block Move 
and Copy, Header, Append and Zones. 
This Editor is actually better than many 
large scale computer Editors! Source 
listing included. 


SL80-10 8080 Text Editing System $28.50 
PT80-3 Optional Paper Tape $ 9.00 
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Photo 7: Processor Tech- 
nology SOL, with cabinet 
cover removed to reveal its 


inner secrets, 
tages (12 VDC at 150 mA, 5 VDC at 2.5 A, into a useful computer and terminal. How- 
-12 VDC at 200 mA) to the SOL-PC and ever, there were по flowcharts, block 
keyboard. The SOL-20 system power diagrams or explanations of how the differ- 
supply, in addition to these valtages, pro- ent sections of the computer are supposed 
vides 16 VDC at 1 A unregulated, -16 VDC to work, or how they interact with each 
at 1 A unregulated, and 8 VDC at 6 A un- other. As of this writing (spring 1977) | 
regulated for the backplane Altair (S-100) have still not received two sections of my 
bus daughter board. The regulated 5 V to manual, operating procedures, and theory 
the SOL-PC board has an over voltage of operation. Most of the information that 
crowbar on its output which, on my | have on the operation of the machine has 
original version, had an overly sensitive come from an article in the February Digital 
turn оп characteristic. Processor Tech- Design by Lee Felsenstein of LGC Engi- 
nology has since sent a revision which neering and Robert Marsh (vice president of 
corrected this problem. Processor Technology), who are the co- 
The SOL system cabinet is sheet metal developers of the SOL terminal system. This 
with solid walnut sides. It is designed to article gives a fairly complete though not 
house the SOL-PC, the keyboard, power detailed description of the operation and 
supply, backplane and five additional interactions of the SOL system components. 
5-100 cards іп a fan cooled card cage. The CONSOL operating system, which is 
The cabinet is constructed so that the the minimal operating system, is stored in 
power supply is isolated from any radio 1024 K bytes of EROM starting at С000. 
frequency interference (RFI) switching This operating system has seven commands 
transients іп the memory ог processor that can be executed from the keyboard, 
cards. The whole system looks well sufficient to allow the operator to enter 
shielded, which is an important consider- his or her own programs or prerecorded pro- 
ation in this age of CBers. The walnut grams and execute them. The following are 
sides come sanded but unfinished; they the commands available through CONSOL: 
look nice but take a lot of time to finish 
properly. 1. DUmp ADDRI ADDR2 dumps 
The assembly manual that came with the the contents of memory between 
system describes the assembly procedure address 1 and address 2 onto the 
very well. It features the kind of complete, CRT terminal in a hexadecimal 
step by step format that kit builders have format. 
come to expect. It seems very complete, 2. ENter ADDR1 enters hexadecimal 
including pictures and drawings of how to format data into memory starting 
assemble the components and subassemblies at address 1. 
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NDERSTANDING MICRO- 
U COMPUTERS answers these 
and hundreds of other ques- 
tions clearly in this profusely il- 
lustrated, easy-reading "must" 
book. You'll find fundamental 
concepts behind the operation of 
virtually all microcomputers, writ- 
ten in simple English so that any- 
one can gain the extra knowledge 
needed to read and understand 
computer magazines, manufac- 
turers’ literature, and feel “at 
home" around computers. Here 
are just a few items discussed... 
— How a CPU is organized and 
how it follows sequences of di- 
rectives to solve problems 
— Illustrates basic instructions 
from almost every class of mi- 
croprocessor 
— Discusses common memory 
addressing modes—illustrates 
typical uses 
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— What you must know to tell a 
computer what to do when us- 
ing machine language pro- 
gramming methods 

— Explains use of flow charts, 
program worksheets, hand as- 
sembly of source codes into 
object codes, memory maps, 
purpose of an Editor, Assem- 
bler, Monitor 

— Benefits of using a high level 
language 

— Introduction to BASIC 

—How a computer communi- 
cates. Types of commonly used 
input/output devices and their 
operational concepts 

— Practical aspects of selecting 
a small computer system 

— Plus, hundreds of other practi- 
cal facts and information 


Now available in hardcover for only $14.95... 
and paperback for only $9.95. Order yours today! 
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@ AND SMALL COMPUTER 
t 


STEMS 


v ELBI COMPUTER 
D consume anc. = Sie бай 


If you are at all curious about 
small computers, you must own 
this 300 page no-nonsense text 
that reads like a simple book! In- 
cludes an easy-to-use glossary 
of key microcomputer oriented 
words. UNDERSTANDING MICRO- 
COMPUTERS. The name says it 
all. Order your copy now! 


У SCELBE COMPUTER 
CONSULTING ЕМЕ. 
Dept. 000 


Post Office Box 133 PP STN 
Milford, CT 06460 


Price shown for North American customers, Master 


able in many fina Computer Stores. 


IMPORTANT! Include 756 postage /handling 
for each item delivered by U.S. Mail Book 


Rate; or $2 for each item shipped First 
Class or via UPS. 
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Photo 2: The SOL’s display generator produced this video character graphics 
pattern on the author's television monitor. 


3. EXecute ADDR] executes a pro- 
gram in memory starting at address 
1; 

4. TErminal is a program designed to 
allow the SOL system to be used 
like a standard CRT terminal with 
serial 20 mA or RS232 interface. 
This ability could make the SOL 
system very attractive to a small 
business user who needs an inex- 
pensive terminal. 

5. TL (tape load) loads a prerecorded 
cassette tape into memory at an 
address specified by the tape. The 
information supplied with the 
software doesn’t give a very good 
definition of how the TL command 
looks at the tape header data. 
Because of this, it is very difficult 
for the user to configure а tape- 
header for any data he or she would 
like to store on a cassette. 

6. BAsic executes a program located 
at address 0000, typically BASIC. 

7. The final command is the MODE 
command which calls a program 
that allows all the other commands 
to be entered on the keyboard and 
recognized by the computer sys- 
tem. 


The early version of CONSOL which I re- 
ceived does not have a command to dump 
data from memory into a cassette tape. This 


is a great disadvantage when trying to 
develop a program. Whether the program 
being developed bombs out or is successful, 
it is nice to have a copy so it doesn't all have 
to be typed in again. 

The purchaser of a SOL system is also 
supposed to receive a 5 K BASIC operating 
system with the purchase of the on board 
audio cassette interface. This 5 K BASIC 
includes two computer video games. | had 
not yet received this when this article 
was written in the spring of 1977. 

! ordered my SOL system on September 
4 1976 and anxiously awaited its arrival. 
Only a portion, the SOL-PC, arrived on 
November 18 1976 along with part of the 
manual. When | opened the box | was 
confronted with what appeared to be a 
rather large, random accumulation of parts. 
However, all of the parts called out in the 
parts list were there. The assembly would 
have gone faster if the components had been 
sorted, placed in small bags, and marked as 
to the section of the assembly procedure 
they were for. 

The procedure given in the manual calls 
for construction and checkout to proceed 
together. To follow the manual you must 
have a power supply and keyboard to pro- 
perly assemble the complete SOL system. 
Because | didn't have either of these items, 
| was only able to proceed with the assembly 
until | came to the first step, which required 
the power supply; there | stalled. | spent all 
of Christmas 1976 lurking around the mail 
box, awaiting the delivery of the rest of my 
system. Finally, on January 4, it arrived 
and off to my basement “laboratory” | 
scurried, not to emerge “til the beaste was 
up and running.” 

After much soldering, bending and clip- 
ping, | reached the point of the first oper- 
ations test. | plugged in my TV monitor, 
turned on the SOL system power, hit the 
MODE key, and typed in the DUMP com- 
mand. Nothing! All | could get was the 
CURSOR in the upper left hand corner 
of the screen. This is when the lack of 
block diagrams and explanations of the 
system really hit me. After what seemed 
an extremely long time, | managed to 
solve the problem. The display uses the 
first several words of user memory to 
store the line and character positions for 
the video display, and somehow, in my 
haste to complete the assembly, ! had 
bent a pin under on one of the memory 
chips. Dumb, but almost impossible to 
locate. Once this problem was solved, 
the rest of the system went together very 
smoothly. 

The total assembly time, excluding the 


time | spent looking for my own error, 
was about 36 hours. The sanding and 
coating of the walnut cabinet sides took 
about five more hours. | used clear 
satin polyurethane finish of the type found 
in most hardware stores. This is a very 
hard, clear, fast drying resin that puts a 
tough, mar resístant sealer on the side 
panels. 

Overall, 1 feel that the Processor Tech- 
nology entry in the microprocessor race is 
a good buy. | have had what seems to me 
excessive delays but [ believe that now 
that the production of these units is in 
full swing, there should be a minimal 
amount of lead time on the system hard- 
ware. Processor Technology says that they 
have sold almost 1,000 of these systems. 
The software development, however, seems 
to be lagging well behind the hardware as 
might be expected from the history of com- 
puter science in general. 

lf you are planning to develop your own 
software or plan on buying it somewhere 
oiher than Processor Technology, the SOL 
system will serve you nicely. The CONSOL 
routine provides a step up from the front 
panel toggle switch design philosophy of 
most of the other microcomputer manu- 
facturers and | feel it warrants the purchase 
of this system.» 


Editors' Note: 


At the time this article was edited 
(August 15 1977) a SOL-20 with 16 K 
memory and CONSOL was resident 
in our office at BYTE. 5 K BASIC is 
now being delivered, according to 
Terry Holmes of Processor Tech- 
nology. 


The Following Comments Were Received 
from Bob Bumpous with His Author's 
Proofs on October 7 1977. 


Since completing my 501-10 1 have 
written а couple of short programs to test 
the various hardware options of my system. 

/ have also purchased the SOL upgrade 
kit which adds the larger power supply 
fan and backplane and an IMS 8 К memory. 

! have received the two missing sections 
of my manual and my BASIC tape. i have 
not yet been able to run BASIC due to a 
problem іт having getting my cassette 
tape interface to operate properly. 

/ have also received my SOLOS operating 
system; all of the functions except the tape 
interface seem to work well, 


OUTSTANDING 
TERMINAL 
EQUIPMENT 
.. VALUE 


IBM Correspondence 
EMail -SSBC EdE... M^ 79800 


standard ASCII (with Break and 5 
Control code features). К5232-С : reels ааа 


телде ASC II Code ............$995.00 
RECONDITIONED SELECTRIC оссе 


Е TERMINALS кс im 


e RS232C Interface 
CONTACT KEN PAYNE 


ө Breok and Control Code features 
Dal-Data Inc. - 1111 W. Mockingbird Lone 


30 DAY WARRANTY 
Suite 1400 - Dallas, Texas 75247 * 214-630-9711 NATIONAL SERVICE AVAILABLE 
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Walter Banks 


Computer Communications Network Group 


University of Waterloo 
Waterloo, Ontario CANADA 


Figure 1: The Waterloo 
RF Video Modulator. This 
circuit works by modu- 
lating the power supply 
voltage of a digital inte- 
grated circuit. The fre- 
quency of oscillation is set 
by resistor RT and should 
be adjusted for best 
reception on the chosen 
channel. Capacitive coup- 
ling between two DC 
isolated sections of ordi- 
nary twin lead gets the 
signa! into the television 
set without any worries 
about AC ground pro- 
blems. 
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The Waterloo 
RF Modulator 


In recent months a number of projects 
have taken advantage of the special input 
characteristics of Schmitt trigger TTL parts. 
They have been used as oscillators, mono- 
stable multivibrators and signal conditioning 
elements. This reminds me of a simple 
circuit | used as a video radio frequency 
generator when | worked on a low cost 
terminal development project. 

As can be seen from the schematic, IC1A 
is a conventional free running Schmitt 
trigger oscillator running at one third of the 
desired television channel carrier frequency. 
For example, channel 3 would require it to 
oscillate at about 20 MHz. ІСІВ acts as a 
buffer whose output is a square wave at the 
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fundamental frequency of the oscillator. 
A square wave has odd order harmonics, 
the second of which is at three times the 
fundamental, the third at five times, and so 
on. 

О1 modulates the generated radio fre- 
quency output by varying the effective 
power supply voltage to ICT. Since standard 
video is one volt peak to peak, the modu- 
lation depth is about 20 percent іп this 
circuit when using a standard 5 V supply. 

Most low cost television sets have a hot 
chassis, therefore a simple capacitive con- 
nection is provided by connecting a 6 inch 
piece of 300 ohm twin lead to the output 
of 1С1В and the computer's ground, and 
taping a second piece of 300 ohm twin 
lead to the top of the first making physical 
contact but not direct electrical contact. 
The second piece of twin lead is then con- 
nected to the set's antenna terminals, 

As with all radio frequency devices, 
normal caution should be exercised with 
this device in preveriting unwanted inter- 
ference. (For example, don't leave your 
antenna connected to the set if you want 
to keep peace with your neighbors.) 


POWER | 
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1 
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6" OF TWIN LEAD FROM 
MOOULATOR, TAPED OR 
GLUED NEXT TO TWIN 
LEAD FROM TV SET 
WITHOUT DIRECT 
ELECTRICAL CONNECTION 


What You See is What YouGet! 


Now, A Video System You Can Afford! 


MSDV-100 
Video Display System: 


The Video Display System is a high 
quality 80 character. 24 line video output 
device for the 5-100 bus. Many advanced 
features have heen incorporated which are 
not normally found on units costing many 
limes the price. 


The character set includes upper and 
lower case characters as well as full 
punctuation. Any character can be 
underlined, a feature useful in word 
processing. A character can also be made to 
blink at a user selectahle rate, often used 
for alarm or warning situations. Additionally 
a character can appear in reverse field 
(black on white) or, if composite video is 
used, individual characters can he 
intensified. 

Also included in the MSDY-100 is the 
ability to generate high quality continuous 
forms overlays. Charts, graphs, or order 
entry forms are easy to produce on the 
video screen. 


MSDD-100 
Floppy Disc System: 


The MSDD-100 Floppy Disc System is a 
significant advance in low cost, high density 
mass storage systems. Using the industry 
standard Shugart SA400 minifloppy" drive 
and a highly reliable LSI controller, the 
single card MSDD-100 Floppy Disc System 
represents a major cost/performance 
breakthrough for the hobbyist and 
businessman. 


Many features not provided on larger 
disc systems are standard on the MSDD-100 
Disc system. The controller will support up 
to three drives and provides all of the disc 
timing functions, therefore no software 
timing loops are required. A very flexible 
onboard vectored interrupt structure is 
provided, a valuable feature for use in 
modern multi-tasking applications. 


The disc controller design is totally 
synchronous, requiring no "one shots". 
Ease of maintenance is evidenced by the fact 
that there are no adjustments required for 
operation. 
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A third significant feature of the Video 


Display System is the ability to display grey 
scale elements in any of nine levels in any 
of 1920 positions on the screen. This is 
especially useful for bar graphs and for grey 
scale graphics or animations. 


The Altair/S100 compatible disc 
controller is a single board design, and 
features very low power consumption. 


Included free with each MSDD-100 
Floppy Disc System is а software package, 
provided on diskette, for formatting, 
certifying, and copying discs, as well as 
programs for creating fully customized 
memory-to-disc and disc-to-memory 
routines which may be put in read-only 
memory. In addition, assembly language 1/0 
driver listings are provided to facilitate 
custom applications programming. 


Internally, the MSDV-100 is a two-board 
8-100 based system which occupies 2K of 
RAM address space and two I/O ports, user 
selectable. The microcomputer can write to 
the screen directly with horizontal retrace 
synchronization if desired for a flicker free, 
very high speed display. 

Software support for the MSDY-100 is 
complete with both machine language code, 
including fully commented source listings, 
and a comprehensive Basic software 
package implementing all MSDV-100 
features. Assembly language drivers allow 
the sophisticated user to easily customize 
the system for specilized applications. 

Programs are provided that permit the 
user to link the video system to high level 
programming languages such as Basic. A 
link program, provided in Basic, permits 
the user with no knowledge of assembly 
language programming to immediately 
obtain video output. The link fully 
implements the forms capability of the 
М5ру-100, including direct cursor 
addressing, as well as the other advanced 
features of the Video Display System. 


Also included are disc driver routines for 
Altair Basic, which allow program and data 
storeage on disc, and permit sector level 
1/0 through Basic. Many programs and files 
may be kept on a single disc, and cassette 
1/0 is retained. These drivers work with 8K, 
3.2, 8K 4.0, Extended 3.2 and 4.1 versions 
of Basic. 


Micro-Floppy Disc System........ 5499" 


(АвветБіейі)................... 5599+ 
Video Display System ............ $285 

{АзвзетЬЫ!ей)..................› $385 
Additional Drivers ............... $350 еа. 
Diskettes ........................ $4.25 ea. 


*Power Supply not included. 
To place Order, send check, money order or BA 
or MC Card # with exp. date and signalure. 
Uncerlified checks require 6 weeks process- 
Ing. Phone orders accepted. 


Please Send me Ihe following: AMOUNT 


TOTAL: 
Name 
Address 


City, State, Zip 
\ С Send me more informalion 
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sense organs, and the design and execution 
of movements іп space, lend themselves 
perfectly to parallel processing in small 
subunits. Here the brain can vastly out- 
perform our typical current computers 
which have only one, or at most a few, 
processing units capable of simultaneous 
operation. For example, а! of the data in 
the visual field is available simultaneously on 
the surface of the retina. Rather than dealing 
with it point by point, the brain sucks it all 
in at once in one enormous byte and sets to 
work on the analysis of many small areas of 
the visual Field simultaneously, (We shall 
examine its algorithms in detail later.) 

Even with the small cheap processors 
avalable to us now, we could obviously 
never afford to match the brain in quantity. 
However, we don't have to go to the other 
extreme and try to do it point by point 
serially with a single very fast processor as 
has been typically attempted. The job is just 
too large for even the fastest machine to do 
this way, and there are certain advantages as 
well in terms of the feature extraction 
process to having a basically parallel system. 
On the other hand, we do have a speed 
advantage and it certainly should be possible 
to simulate the operation of a number of the 
brain's processors with only one of ours in 
the same time frame. (There will be some 
increase in complexity where the results of 
neighboring units are interactive.) Just how 
to optimize this sort of tradeoff is, of 
course, a matter for much study. À first step 
which we shall take here will be to examine 
some of the tricks and shortcuts in the 
feature extraction process that the brain 
itself uses to save time. 

The third system characteristic which 
results from the brain's hierarchical organi- 
zation is high survival value. We will learn 
nothing about Asimov's first two "laws" of 
robotics (the protection of human beings) 
by studying the brain. The third law, en- 
suring the survival of the robot, has always 
been a major concern of brain architecture. 
[t is annoving, but not usually fatal when 
the big machine in the computer center 
develops a fault. When it happens to a brain, 
or in the situations we will send them into, a 
robot, the whole device may be destroyed. 
The redundancy inherent in the brain's basic 
structure is, of course, valuable in this 
regard, but there is more to it than that. 
Recall two facts about the brain: There is an 
evolutionary order of development to its 
structure, and the major functions have 
representation at all levels. These two facts 
are related. Whereas our computers have 
never been expected to incorporate pleces of 
earlier models, the brain in the present form 
contains most of the parts of its earlier 


forms, The simpíest early brains obviously 
had to be capable, in their own inelegant 
way, of getting the organism around in the 
environment and surviving. During the 
course of evolution, more complex struc- 
tures capable of more sophisticated handling 
of the same basic functions became avail- 
able. Rather than eliminating the older 
structures and duplicating their functions, 
the newer ones simply took control of the 
older and used them as subprocessors. A 
fairly general principle of organization 
evolved in which the higher level structures 
control the lower not by turning them on 
when needed, but by inhibiting their actions 
except as desired. The beauty of this system 
is that if a higher center is suddenly 
damaged, the older, more primitive units 
which it normally holds in inhibition are 
released to function on their own. Thus, 
damage tends not to eliminate vital func- 
tions, but only to downgrade the complexity 
with which the job can be performed, This is 
especially true of functions such as defense. 
The typical result of damage to higher brain 
centers is a "nasty'' animal, ie: one which 
can adequately fight, but which fails to 
make fine discriminations about the appro- 
priate stimulus conditions for doing so, and 
which defaults in the safe direction by 
attacking any strong stimulus source. Of 
course this kind of thing has its limits, and 
this is particularly true of the most highly 
developed brains where some of this type of 
organization is sacrificed in order to give the 
highest centers direct access to the lowest 
for feedforward in the control of complex 
operations. 

In the case of damage to lower centers, 
the multitude of processing elements avail- 
able allows some of the higher levels 10 be 
reprogrammed to take over the functions of 
lower level systems by simulating their 
operation, The process takes a little time to 
organize, but it can be quite effective if the 
organism can survive for a few weeks while 
reorganization takes place. 

While it is apparent that it is not possible 
to give a definite answer to the question of 
where а function of апу complexity is 
performed in the brain, it may be useful (for 
orientation to the device} to identify some 
of the anatomical divisions of the brain 
shown in figures 3 and 4 with same of the 
functions which have important representa- 
tion at those levels. 

The lowest level of the central nervous 
system, the spinal cord, is a major route of 
input and output to the rest of the brain. 
With the exception of a few special cases, 
most of the sensory input from the body 
and most of the output to the muscles passes 
through this structure. Although it contains 


FREE SOFTWARE in DR. DOBB’S JOURNAL 
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APPLICATIONS SOFTWARE 

User documentation. internal specifications. 
annotated source code, In the two years of 
publication, ӘР, has carried a large variety of 
interpreters. editors, debuggers, monitors, 
graphies games software. floating point 
routines and software design articles. 
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Dr. Dobb's Journal publishes independent 
evaluations good or bad of products being 
marketed to hobbyists. [t is a subscriber- 
supported journal. Dr. Dobb's carries no paid 
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products and services. 


E 
+ 
A 
++ 
+ 
T 
X 
X 
X 
+ 
4 
+ 
4 


A AARAA AEA AAAY 


“PHE software source for microcom- 


72 | - 
PIN fe А ` 
fil MO puters. Highly recommended.” 
= Philadelphia Area Computer Soc. 
ро box 6528 denver, colorado 80206 (303) 777-7133 NUMBER 8 The Dita Bus i 
А өре гыр ВЕ о їз а с i "wsinetie i e Digit. 3 . р А - 
п 65 nob very [Көп that the re isa journal/newsletier that the Digital :;roup “It looks as if it's going to be THE 
is able to recommend without some hesitation (and we get them ail}. However, . . . . 
Dr. Dobh's Journal of Computer Calisthenies & Orthodontia in one pleasant forum of public domain hobbyist 
exception. van varren, Еле "йог, has рт together а good concert and е, software development. 
managing to follow through very we indeed. There is no advertising in the К + 
Jdournel, It is supported solely on subscripticous. That also means that Rating ~~ wv yv XY fs 
manufacturers have zero beverage over Тіс content of the magazine. ihe Journal's Toronto Region Association of 
primary purpose 15 Жо place significant software into the public demain and to ер . 7 
provide a communications medium for interested hobbyists. The approawn i5 Computer Enthusiasts {TRACE}, 
profezsional and they are qrowing quickly. Newsletter 
{Ти cese it might appear otherwise to some people, there ys no official link "The best source for Tiny BASIC and 
whatsoever between the Digital Group and Lr. robb's Journal - we've taken our other woud things. Should be on vour 
kampas ап appropriate just Like everyone else when Jim felt they were custifaed.) 2.7 = “ 
shelf. 
ке think Lr. Dobbs lieu in m te stay and а publication that i15 а aust The Computer Hobbyist, 
DE everyone the hobbyist world of computers. »?u't Su ti И 
" ro everyone in sby is і computer u miss l ~~ North Texas {Dallas} Newsletter 


Dr. Dobb's Journal 


of Computer Calisthenics 7 & Orthodontia 


& LOTS MORE! 


Please start my one-year subscription (ten issues) to Or. Dobb's Journal 
of Computer Calisthenics & Orthodontia and bill me for just $12. 


NAME 
ADDRESS 


І 
! 
1 
[| 
і 
1 
t 
t 
1 
1 
[| 
1 
1 
1 
! 
ot News | 
I 
[ 
u 1 CITY/STATE — ZIP 1L LLL 
Ra in Rumor ! Unconditional Guarantee: |f y ou ever wish to discontinue your 
i subscription for any reason, we will refund the complete amount for 
1 
І 
t 
І a MÀ M M ——— 
і 
1 
і 
I 
[| 
I 
1 
[ 
[| 
1 
1 


O Visa Card Number 
ПІ Mastercharge Expiration Date 
Signature 
Outside the U.S., add $4 for surface postage. Airmail rates on request. 


the remainder of your subscription. 
* Systems Projects 


Mail this coupon or à facsimile to: Dr. Dobb's Journal, Dept 53, 
El Camino Real, Box E, Menlo Park CA 94025 


хин u— жен жан жш шш -— алт “ше те" әш тағ өше tum bus 9A B шығ (ын шы шш RS мш us өше um шей m шш эш л Р ӨМІ шш um oum кен жән RR уш тар ар UU ыр а 


XO OX OX OXON OO ON KKK 


Ссі. 88 on inquiry card. BYTE January 1978) 89 


100 


НУ ГГ January 1978 


immense fiber tracts, it should not be 
considered merely a cable. The nuclei of the 
spinal cord perform many important func- 
tions as intelligent. terminals on both the 
input and output sides. Moreover, some 
simple actions are processed entirely at the 
level of the spinal cord from input to 
output. Everyone has seen an example of 
such a "spinal reflex" in the knee jerk 
produced by their doctor's rubber hammer. 

The medulla and pons are also important- 
ly involved in "intelligent terminal” types of 
[O activities, but at the so-called supra- 
segmental level of control. That is, these 
structures are frequently concerned with 
coordinating the activities of the IO routines 
in the cord so as to direct activities that 
involve the entire body rather than indi- 
vidual segments such as a single limb. For 
example, the pattern of motor activity in- 
volved in walking requires the coordination 
of the whole body to maintain balance as 
the center of gravity shifts, etc (such things 
as the decision to walk, and the choice of 
direction are іп the province of higher 
centers). The medulla and pons also have 
important relations to a number of the 
special senses such as hearing and balance 
which are not represented throughout the 
body. Some of this sensory information is 
utilized immediately as input to supra-seg- 
mental reflexes, and some 15 processed for 
output to higher centers. 

А complex physiological organism re- 
quires a great deal of regulation of its 
internal environment; the temperature must 
be exact, the heart rate must be regulated, 
inhalation must be controlled. These ‘‘house- 
keeping" routines also have representation at 
this level of the brain. 

The mesencephalon is in many ways 
similar to the pons and medulla in its 
functions. In general, there is a transition 
from higher to lower degrees of abstraction 
in these IO systems as one progresses from 
the mesencephalon down to the medulla. 
The mesencephalon is in addition one end of 
a system, originating in the limbic system of 
the forebrain, which is important in regu- 
lating the type and intensity of the high level 
processing performed by the more advanced 
structures of the forebrain. There are two 
systems of the brainstem (medulla, pons, 
and mesencephalon) which may be men- 
tioned in this context. The first is a system 
known as the reticular formation which has 
important functions in the brain analogous 
to the vectored interrupt system of the 
computer. It continually monitors the input 
of all the sensory systems, more for quantity 
of activity than for detailed analysis, and 
controls the degree of activation of various 
portions of the higher centers on this basis. 


Thus, it can immediately arouse the brain 
when a novel or intense stimulus is en- 
countered, and jump the whole system 10 a 
stage of attention to, and analysis of, the 
important event. lt also seems to exercise 
similar functions on the output side of 
operations. 

The second “system” of the brainstem 
might be called the “amine” system, because 
it consists of a set of interacting nuclei 
which use various compounds of the chemi- 
cal class known as "amines" in their opera- 
tion. This system has a great deal to do with 
the mode of operation of the rest of the 
brain. Like the reticular formation, with 
which its activities are integrated, it sends its 
axons into all parts of the brain to make 
synaptic contacts with large groups of 
neurons in the forebrain and the brainstem 
and cord. Since the axons of these (cw 
neurons make millions of synaptic connec- 
tions with vast numbers of neurons, we 
might expect that their function was a 
regulatory bias rather than the transmission 
of very specific information, and this 
appears to be the case. These nuclei are 
involved in such functions as regulation of 
waking, sleeping, and dreaming states, and 
apparently other “altered states of con- 
sciousness” since the hallucinatory drugs 
such as LSD are thought to exert their major 
effects here. Problems in some of these 
amine systems appear to underlie such ab- 
normal operational modes as schizophrenia. 
Some portions of the amine system also 
regulate the intensity and selection of the 
various detailed patterns of activity 
generated by higher structures. Thus, in 
Parkinson's disease, which involves a dis- 
order of part of this system, the ability to 
execute voluntary activities is impaired, 
although the conception of them is not. The 
systems of the brainstem thus exert a very 
major control over the general types of 
activity іп which the higher levels of the 
device engage. A very interesting develup- 
ment here is the closing of this loop by 
return projections from the highest levels of 
the brain, the cortex, which allows the 
machine to gain control over its own status. 
This loop is fundamental to the 
phenomenon of consciousness. 

Lying above the pons is the structure 
known as the cerebellum. This device is a 
subprocessor for some types of motor out- 
put. It is basically involved in the parallel to 
serial conversion of output that is not to be 
continuously modified by feedback control 
to the higher levels which specify its input. 
It can accept a parallel byte which defines an 
action. to be undertaken, modify it to 
incorporate the current status of many 
variables of limb position, loading, etc, and 
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convert the instruction to a series of se- 
quenced operations with specified durations. 
Damage to the cerebellum has no effect on 
conscious processes, but seriously impairs 
the performance of muscular actions. 

Above the mesencephalon, we encounter 
the diencephalon. The two major sub- 
divisions, thalamus and hypothalamus, are 
quite different, The hypothalamus is heavily 
involved in the sort of housekeeping func- 
tions mentioned earlier. It controls the 
secretions of the endocrine system, for 
example, and is involved in a wide range of 
functions such as temperature regulation. In 
its role as chief executive of internal opera- 
tions it, of course, must continually monitor 
internal conditions. These internal condi- 
tions in turn are frequently the ultimate 
sources of the whole brain's functional 
orientation. Thus, if the hypothalamus de- 
tects a low level of sugar in the blood, it 
initiates a state which we experience as 
hunger. This state represents a rcorganiza- 
tion of the brain's systems for the control of 
goal directed behavior which causes the 
organism to engage in food seeking behavior. 
The hypothalamus thus contains part of the 
brain's analog of a computer's priority in- 
terrupt system. On the output side, the 
hypothalamus is important in changing the 
state. of the internal body functions to 
correlate with higher priority interrupts. For 
example, if the limbic system initiates a 
“danger encountered” state, which we ex- 
perience as fear, the hypothalamus must see 
to it that the body is mobilized for action 
with regard to blood flow, adrenaline levels, 
etc. The hypothalamus is also an important 
link іп the limbic system-mesencephalon 
organization that in general specifies goals 
based on drives and emotional states for use 
in selection of overt behavioral activity. 

The thalamus, the other major com- 
ponent of the diencephalon, functions as a 
very high level 10 processor which prepares 
information for, and in part organizes the 
activity of, the cerebral cortex, Arrival of 
sensory input in the thalamus is sufficient 
for some rudimentary conscious experience 
of sensation, at least in some sensory 
modalities, but any very detailed resolution 
of ihe experience requires the enormous 
digital processing. power of the cerebral 
Cortex. In many respects, the various cortical 
areas act as subprocessors doing detail work 
for the various nuclei of the thalamus which 
route the information to and from them. 
Some thalamic-cortical systems are con- 
cerned with simple feature extraction of the 
input data, others with extrapolation of 
current events, and yet others with trans- 
mission of these extractions and extrapola- 
tions to other parts of the brain which, for 


example, evaluate them for relevance to 
current drive states or return sets of similar 
data from memory. 

In this activity, the limbic system func- 
tions in the analysis of current and extrap- 
olated data for relevance to the organism's 
needs. Thus, when we are hungry and see 
food, the limbic system in canjunction with 
the other structures mentioned earlier 
initiates a state which enables the sensory 
signal of food to initiate appropriate be- 
havior, which is generated in detail by the 
cortex-thalamus-slriatum apparatus. We ex- 
perience the operation of this state of the 
limbic system as pleasure. If on the other 
hand, the limbic system recognized un- 
favorable situations, other states are 
generated (experienced as fear or anger) 
which cause other sorts of detailed actions 
to be generated, 

The striatum, like the cerebellum, is 
importantly involved in the organization of 
motor output. It generates patterns of move- 
ment on the basis of input from analytic 
cortical areas, which are regulated in in- 
tensity by inputs from the amine systems 
under the direction of the limbic system, 
and it outputs these patterns both to the 
movement controlling arcas of the cortex, 
and more directly to lower motor 
mechanisms. Unlike the cerebellum, the 
movements generated in the striatum are 
under continuous control of the cortex, and 
since the cortex is continually receiving and 
processing sensory information from the 
environment, a closed loop system 15 
formed. This system is importantly involved 
in “voluntary” and learned movements. 

We have already mentioned most of the 
functions of the cortex since it is of 
necessity involved in almost all the higher 
functions of the other brain structures. [1s 
operation is essentially that of a vast de- 
coding and encoding network which gives 
analytic and synthetic power to the opera- 
tion of the other systems. Without it, their 
operation would be the same in type, but 
would be much reduced in capability due to 
the loss of capacity for fine distinctions and 
discriminations on the one hand, and large 
scale generalizations and synthesis оп the 
other. The cortex first appears in other than 
rudimentary form with the evolutionary 
appearance of the mammals. Their be- 
havioral diversity and plasticity as compared 
with the stercolyped, reflexive, instinctive 
behavior of the reptiles is probably as- 
sociated with this structure. 

This brings me to the final general point | 
want ta make about the brain before we 
consider the detailed operation of some of 
its functions. One of the most important 
features of the brain is that it learns, Qur 
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computers learn in a limited sense during 
programming, and some programs can learn 
to improve their performance on the basis of 
experience. This latter type of learning is 
characteristic of the way the brain operates, 
and it applies the process to almost cvery- 
thing it docs. 

You will notice that when | described 
some of the general functions of the 
different regions of the brain, | made no 
mention of memory. This is because we have 
no idea where it is. Indeed, the evidence 
suggests that the brain's memory is incor- 
porated into its structure at whatever point 
the stored information is to act. Its memory 
then may be thought of as being distributed 
throughout its structure, At present, we can 
offer only speculation as to the physical 
nature and detailed processes of the brain's 
memory storage. Fortunately, we know a 
great deal about the operation of the brain’s 
memory as a “black box” so that we can 
understand how it enters into the brain's 
algorithms, and we do not really need to 
understand its detailed physical nature to 
effectively use its principles of operation. 
Our current memory chips are a little in- 
ferior to the brain's memory іп terms of 
capacity, but they are superior in speed and 
accuracy, Some programmable — scratch 
memory and ROM chips associated with 
each of a robot's processing elements would 
do nicely, especially if supplemented by a 
disk for slow mass storage. 

Researchers identify at least two Lypes 
af Icarning that the brain permits, both very 
pragmatic. [t has found that things that have 
occurred. sequentially several times are likely 
lo do so again, so it learns to associate them 
and act Jn anticipation. Thus, tf the reflexive 
response of the nervous system to a painful 
stimulus applied to the foot is to quickly 
flex the leg, and if such a painful stimulus is 
repeatedly preceded by a "neutral" stimulus 
such as a bell sound, the brain will quickly 
learn to flex the leg whenever the bell 
sounds. This is the so-called “Pavlovian 
conditioned reflex." The potential utility of 
this scheme is obvious. Assuming the natural 
reaction to the painful stimulus is of use to 
the organism, then performing the reaction 
in response to the antecedent neutral stimu- 
lus allows the organism to get a jump on the 
world and perform more cfficiently. This 
kind of action, although not the capacity to 
learn it, is employed іп some computer 
memory systems which anticipate the next 
address call. Two limitations of this type of 
Icarning should be noted. The first is that 
the anly thing that can be learned is the 
carly performance of the natural response to 
the second stimulus. Thus, the organism's 


behavioral repertoire is not expanded, just 
made more efficient. The other is that all 
that is necessary for this type of learning is 
temporal contiguity of the events; it does 
not matter whether or not the anticipation is 
successful in improving the results. If you 
tape an clectrade to the foot so that a shock 
following a bell occurs whether or not the 
leg flexes, the flexion of the leg stili gets 
conditioned to the bell. 

A second type of learning in which the 
brain engages is called "operant condition- 
ing." This is the type of learning that 
permits us to expand our behavioral reper- 
toire and base such expansions on the 
quality of the results. Simply stated, this 
type of learning is based on the principle 
that behaviors immediately preceding a re- 
ward are increased in future probability of 
occurrence, "Reward" here refers either to 
some pleasing event occurring, or some 
unpleasant state being terminated. Thus, 
behaviors that lead to good results will tend 
to recur. If we now add to this the second 
principle, that the behaviors immediately 
preceding the reward are the most strongly 
affected, it follows that more efficient be- 
havioral routes to the reward are more 
strongly affected than less efficient ones. In 
this fashion, whole new behavioral patterns 
are built up out of successful components of 
more or less random exploratory behavior, 
and these quickly become welded together 
into light and effective behavioral sequences. 

The more developed brains rely very 
heavily on learning to produce most of their 
behavioral patterns. Less developed ones rely 
most heavily on prewired inflexible be- 
haviors. Thus, evolutionarily primitive 
brains, such as those of fish, amphibians and 
reptiles, while capable of limited learning, 
generally rely on wired in behavior patterns 
that are available at birth. The advantage is 
early ability of the immature organism to 
fend for itself. The disadvantage is inflexible 
behavior that cannot easily adapt to an 
environment that differs from that in which 
Ше species evolved. Advanced mammals on 
the other hand, particularly man, are charac- 
tcrized by heavy reliance. on learned. be- 
havior, which results in a protracted state of 
infantile helplessness followed by enormous 
behavioral flexibility and adapliveness. 

The parallel with our current attempts at 
robots is obvious. The major hurdle is 
designing a system that can operate in a 
generalized. environment rather than being 
restricted to a specialized one with which it 
is preprogrammed to deal. The answer is also 
obvious. A successful robot must be capable 
of operant conditioning including the 
ability to be rewarded for successful at- 
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tempts and to feel punished otherwise. This 
device is carried to such an extreme in 
advanced brains that even our basic ability 
to see, our perceptual structure, is learned in 
infancy. A newborn child has only the most 
rudimentary ability to interpret its visual 
environment; the relation between move- 
ment of the limbs and the result in visual 
space, the relation between certain output 
commands and the result on auditory input, 
all this and much more is painfully learned 
by trial and error in advanced brains. The 
result is the ability to modify behavior 
towards desired ends rather than react to 
stimuli in a preprogrammed fashion. The 
apparently random play of infants is in fact 
a deadly serious matter. 115 emulation in 
our machines will be of the utmost impor- 
tance to their handling of the generalized 
environment. 

From this overview of the brain and its 
functional organization, it is apparent that 
we must now select a limited set of brain 
functions to discuss in detail. | think that 
those of most practical interest to robot 
designers at the present time are: 
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1. Тһе brain’s mechanisms of output 
control, including coordination and 
timing, and the use of feedback in the 
design and execution of movements in 
space. 

2. The brain's mechanisms of sensory 
perception, including its principles of 
feature extraction, and the tricks and 
shortcuts that it employs in pattern 
recognition. 

3. The brain's mechanisms for achieving 
goal-directed behavior, including 
mechanisms of emotion and motiva- 
tion and their control of behavior 
patterns. 

4. The brain’s mechanisms of conscious- 
ness, intelligence and learning. 


| will attempt to cover each of these 
subjects іп some detail in this series of 
articles. Next month the series continues 
with a discussion of the output generations 
of biological computing devices. 
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More Than Just Hardware. 


When you put the MSI 6800 Computer 
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the most powerful editor available for any 
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MSI Reverse Assembler 


Our Reverse Assembler for the FD-8 айта 
disassembly of object code programs, complete 
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statements. The source code is placed on disk 
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Interpretive Debugger 


An Interpretive Debugger is now available 
for MSI and SWTP 6800 systems. IDB is the 
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for 6800 systems. 
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professional, and businessman. Send for our 
new 1978 Catalog and get all the details about 


. these and many other fine MSI products. 


Midwest Scientific 
Instrumente | 


220 West Cedar 

Olathe, Kansas 66061 

(913) 764-3273 

TWX 910 749 6403 (MSI OLAT) 
TELEX 42525 (MSI A OLAT) 
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Where KAISSA Founders on a Bug 


and CHESS 4.6 Conquers All 


The Second World 


Computer Chess Championships 


Peter R Jennings 
27 Firstbrooke Rd 
Toranto, Ontario 
CANADA 
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About the Author 


Peter Jennings is author of MICROCHESS, а 6502 chess playing program 
developed for the KIM-1, and seen in operation at the PC 77 show in Atlantic 
City NJ. MICROCHESS 1.5 versus DARK HORSE is a match that Peter 
expects to report upon in the near future to give personal computer users an 
idea about the prospects of entering small systems in international chess 
competition. 


The Second World Computer Chess 
Championships were held on August 7, 
8, and 9 1977 at the Hotel Toronto in 
downtown Toronto Canada under the 
sponsorship of the International Federation 
for Information Processing (IFIP). 16 pro- 
grams from the United States, Canada, 
USSR, United Kingdom, Switzerland, 
Netherlands, West Germany and Sweden 
competed in a 4 round Swiss style tourna- 
ment for the world title. 

The event drew large audiences of spec- 
tators including computer and chess ex- 
perts from around the world. In attendance 
was Mikhail Botvinnik from the Soviet 
Union, world human chess champion during 
the period from 1948 to 1963, Also attend- 
ing the event was Hans Berliner, former 
world correspondence chess champion and 
author of | Biit, an earlier chess playing 
program. Lively expert commentary was 
provided by international master and com- 


puter chess author, David Levy, who is 
watching computer chess developments 
very closely these days because his wager 
of 1968 that no computer chess program 
will beat him in a tournament before August 
1978 is about to run out. 

The trend evidenced by the competing 
programs seems to be toward larger pro- 
grams running on faster machines. Three 
of the programs ran on Amdahl 470/V6 
computers, and CHESS 4.6 was running on 
CDC's Cyber 176. At the other end of the 
spectrum, OSTRICH was the only program 
running on a computer at the tournament 
site. A Data General Supernova was used. 
Communications were provided to remote 
data centers as distant as England, Germany, 
and California for the nonportable programs, 

The 16 entrants were initially ranked 
on the basis of previous play before the 
tournament. іп the first round, the eight 
superior programs were played against the 


CHESS 4.6 


For the nex! three years CHESS 4,6 will 
be the reigning world champion computer 
chess program. CHESS 4.6 was written in 
the CDC assembly language by David Slate 
and Larry Atkin at Northwestern University 
іп пої, and runs on the CDC Cyber 176 
located at Arden Hills MN. Initial work on 
the program began in the spring of 1968 and 
revisions have followed almost continuously 
since that time. Different versions of the 
program fave held the US Computer Chess 
Championship title in 1970, 1971, 1972, 
1973 and 1975. The program placed second 
іп 1974, and second at the First. World 
Computer Chess Championships, also that 
year. 

CHESS 4.6, like almost all chess pro- 
grams, plays chess by generating the possible 
legal moves for each side and evaluating the 
resultant position, The evaluation of this 
resultant position usually requires the 
generation of subsequent. moves until a 
value can be ascertained, or until the time 
allotted to the evaluation has expired. 
Because of the number of moves normally 
available in a chess position (average 42), 
the number of terminal positions which 
must be evaluated grows exponentially 
with the depth of the search. Many pro- 
grams restrict the number of moves they 
exumine as a means to extend the depth 
of search. CHESS 4.6, on the other hand, 
conducts a full width search but is com- 
sequentiy restricted in ihe maximum depth 
fo which it can evaluate a position. It must 
dso evaluate each terminal position ав 
rapidly as possible. 

The evaluation of each position is based 
upon the material and positional factors. 
The material factor is considered to be ihe 
most important as most chess players will 


agree. The positional factor is limited in 
importance lo less than the value of 155 
pawns in material difference. The value 
of any given position is based an the mate- 
rial difference between the sides and on 
penalty and bonus points allocated for 
positional factors such as: the pieces under 
attack, the pawn structure (doubled, iso- 
lated, passed or backward pawns), the rock 
positions (squares controlled, enemy Ring 
tropism, doubling, file control and seventh 
rank), the bishop position (square control 
and development), the knights (king and 
center tropism, and development), the 
queen position (square control and king 
tropism) and the king position (safety, 
center and pawn tropism). Two different 
algorithms are used: one for positions in- 
volving an even material position, and a 
"mop up" algorithm for positions in which 
one side has a clear material advantage. 

For further discussion of the evaluation 
routines the reader is directed to a chapter 
in reference 7 by David Slate and Larry 
Atkin in which they describe their program 
in some detail. 

The CHESS 4.6 program plays extremely 
good chess. It is capable of beating 99.5 per- 
cent of all USCF rated players in the United 
States under tournament conditions. Per- 
haps even more remarkable is its play in 
blitz games. With restrictions of а five 
minute time limit for 60 moves, the pro- 
ағат has already beaten many master 
Players including David Levy, Hans 
Berliner and Lawrence Day. If any pro- 
gram has a chance to beal David Levy 
before next August, it will be CHESS 4.6. 
The authors will be working hard to im- 
prave the program between naw and next 
summer, 8 
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Game 1: White: DUCH- 
ESS, Black: KAISSA. 

For the record, here is the 
full listing of the victory of 
DUCHESS over KAISSA. 
in the first round of play, 
KAISSA was unexpectedly 
defeated by DUCHESS in 
an upset which will long 
be remembered. Post game 
analysis fingered a bug in 
KAISSA introduced by a 
last minute — "improve- 
ment” of the program. 


Note: At the last minute, 
we discovered that BYTE's 
"automatic" chessboard 
drawing algorithm had 


used inverted logic, so 
please note that the chess- 


board diagrams іп this 
article are all drawn with 
Blacks home squares at 
the bottom (Sometimes 
we think we could use а 
іше ^ artificia! intelli- 
gence)...CM 
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White: DUCHESS Black: KAISSA 
1. P-K4 Р-04 
2. PxP N-KB3 
3. Р-О4 NxP 
4. N-KB3 P-KN3 
5. B-K2 B-N2 
6. Р-ОВ4 N-N3 
7. М-83 0-0 
8. B-K3 B-N5 
9. Р-ВБ N-Q4 

10. 00 P-K3 

11. O-N3 P-N3 

12. NxN PxN 

13.  B-KN5 Q-Q2 

14. P-KR3 B-B4 

15. Q-B3 R-K1 

16 R-K1 B-K5 

17 N-Q2 Q-B4 

18. B-K3 а-кз 

19. NxB PxN 

20. PxP BPxP 

21. R(K1)-OB1 кеу 


Better is R(R1)-QB1. White has a positional ad- 
vantage due to the control of the open file and 
the weak placement of Black's knight. 


21. N-Q2 

22. B-N а-04 

23. О-В6 N-B3 

24. B-K2 R(R1)-O1 
25. Q-R4 R-K2 

26. -N5 Q-KB4 


Position after 26. ..Q-KB4. 


This is the move which was apparently caused by 
a bug in the KAISSA program. 


27. R-B2 N-Q4 
28. R(1)-QB1 B-B3 
29. Q-N3 P-QR4 
30. Р-КМ4 Q-K3 


Black's queen is terribly restricted. 
31. R-B6 P-R5 


KAISSA sacrifices the rook pawn in order to draw 
DUCHESS’ queen away from the long diagonal. 


32. OxP R-O3 

The KAISSA program rejected Q-RB as an im- 
portant threat, and had consequently not fully 
analyzed the continuation which follows. 


33. RxR QxR 
34.  Q-R8ch! R-K1 


if 34... . K-N2, then 35, Q-B8ch КхО, 36. 8-R6ch 
B-N2, 37. R-B8, and mate follows. 


35.  QxHch K-N2 
36, P-NS В-01 
37. B-OB4 Q-K2 
38. Ox мха 
39. В-В4 N-B4 
40. B-Q5 K-B1 
41.  R-B8 K-K2 
42. R-B4 N-N2 
43. BxP N-K3 
44. B-K3 N-B2 
46. Р-05 N-N4 
46. B-B3 K-Q2 
47. P-QR4 N-Q3 
48. R-B6 N-B4 
49. BxP Resigns. 


weaker or untried programs. The previous 
world champion, KAISSA, from the Insti- 
tute for System Studies in Moscow, was 
paired with ninth ranked DUCHESS from 
Duke University in Durham NC. It was 
expected that KAISSA wouid have an easy 
win. 

Both KAISSA and DUCHESS utilize 
an ‘opening book” computer chess strategy. 
KAISSA's book contains 10,000 possible 
opening positions, whereas DUCHESS' book 
contains only 3,000. The use of an opening 
book allows the programs to play rapidly 
for the first few moves of each game while 
maintaining a line of play previously deter- 
mined to be the best by human chess mas- 
ters. Only two of the programs entered in 
the tournament played without opening 
books. 

After 25 moves, the DUCHESS program, 
playing white, was judged by David Levy 
to have only a marginal positional advantage 
over black. To this point, KAISSA had 
used only 14 minutes of its available time 
while DUCHESS had used 59 minutes. 

Under the rules of the tournament, each 
Side must complete 40 moves in the first 
two hours, and at least ten moves in each 
succeeding half hour. Several programs, 
including KAISSA, made use of their op- 
ponents’ time by preparing replies to the 
most probable move expected. Very often, 
the expected move would be played, and 
the program could respond instantly. 

On move 26, KAISSA unexpectedly 
moved its queen from Q4 to B4. Although 
this move appeared to be of little signifi- 
cance, four moves later it became apparent 
that black was in trouble. KAISSA's black 
queen was dangerously restricted and 
DUCHESS was threatening checkmate. A 
rook sacrifice was necessary to prevent the 
immediate 1055, but a win for black was 
almost impossible from that point onward. 
After move 48, DUCHESS was declared the 
winner, and the previous world champion 
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19590 VENTURA BOULEVARD 
TARZANA, CALIFORNIA 91356 
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IN THE L.A. AREA (213) 344-0153 
IMSAI COMPUTER $875 
MODEL 8080 MICROPROCESSOR SYSTEM SMEER 


INCLUDES CPU, MAINFRAME WITH 22 CARD SLOTS, FRONT PANEL, 
AND POWER SUPPLY. COMES ASSEMBLED AND READY TO PLUG IN AND ENJOY! 


| 8K RAM BOARD $225 


250 nS LOW NOT A ASSEMBLED 
ACCESS POWER KIT AND TESTED 


e S100 BUS: PLUGS RIGHT INTO ALTAIR/IMSAI, OR ANY COMPUTER USING THE “ALTAIR” BUS 
* CONVENIENT DIP SWITCH SELECTION OF ADDRESS ASSIGNMENT AND WAIT CYCLES 
° 
° 


MEMORY PROTECTION DIP SWITCH SELECTABLE IN INCREMENTS OF 256, 512 1K, 2K, 4K, or 8K BYTES 
FULLY BUFFERED ADDRESS LINES ALLOW USE IN LARGE COMPUTER SYSTEMS 


16K 2708 EPROM BOARD $99 


INCLUDES ALL SUPPORT CIRCUITRY AND SOCKETS READY TO PLUG-IN 16 2708 IC'S 2708'S NOT INCLUDED 


ALLOWS CONVENIENT STORAGE AND ALTERATION OF YOUR OWN CUSTOMIZED COMPUTER PROGRAMS 
5100 BUS: PLUGS RIGHT INTO ALTAIR/IMSAI, OR ANY COMPUTER USING THE “ALTAIR” BUS 

DIP SWITCH SELECTION OF MEMORY ADDRESS ASSIGNMENT 

DIP SWITCH SELECTION OF MEMORY WAIT CYCLES 

ASSEMBLED AND TESTED, NOT A KIT 


8K 2708 EPROM PROGRAMMER BOARD 


COMPLETE SYSTEM FOR "BURNING IN" PROGRAMS INTO THE 
ELECTRICALLY ALTERABLE 2708 MEMORY 
е S100 BUS ALTAIR/IMSAI COMPATIBLE 
e COMPLETE 2708 PROGRAMMING SYSTEM 
* DOUBLES AS 8K NON VOLATILE PROGRAM STORAGE 
е ASSEMBLED AND TESTED, NOT A KIT 


2708 EPROMS 51852 21102 250nS $175 


$145 


2708'S 
NOT INCLUDED 


Meses эл ы АЕ COMPLETE LISTINGS 
LINEARS IN OUR CATALOG 


SOROC 10-120 TERMINAL $995 


8080 А $14 | POWER SUPPLY 12 VOLT $9% 


PER SCI DUAL DRIVE 


€ 8-INCH FLOPPY WITH IMS CABINET AND POWER SUPPLY 


Many other parts available — Just call or write for free catalog 


NEW PRODUCTS COMING — WATCH FOR OUR ADS — INFORMATION AVAILABLE 
WE WELCOME INQUIRIES 
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Figure 1: An interesting 
foible of the “opening 
book” strategy is revealed 
when а nonstandard open- 
ing occurs. In the game of 
DARK HORSE versus 
CHAOS, CHAOS was un- 
able to recognize the trans- 
posed standard opening 
taken by DARK HORSE, 
and as а result it was 
thrown immediately into 
its middle game mode of 
operation, Here is the situ- 
ation їп DARK HORSE 
versus CHAOS after move 
3, Р-К4. 
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had been upset in the first round by a pre- 
viously unknown program. 

It was learned the following day that the 
disastrous move had been the result of a 
bug in the program introduced when the 
programmers made last minute changes 
the evening before the tournament, The 
complete score of this game is printed in 
game 1, along with commentary. 


The tournament favorite, CHESS 4.6, 
met Don Beal's BCP in the first round of 
play. Due to a system failure, the CDC 
Cyber 176 used by CHESS 4.6 was not 
available at the scheduled start of play. 
Tournament rules allow each team up to 
30 minutes of down time during which the 
chess clock may be stopped. When this 
period has expired, the clock must run and 
the time used is deducted from the two 
hours available for the first 40 moves. 

CHESS 4.6 had almost an hour on their 
clock when service was restored. However, 
they wasted no time in defeating the English 
program in a rapid 27 move game which was 
the first game to end in the first round, 
despite the delays. 

At the end of round one, CHESS 4.6, 
DUCHESS, CHAOS, MASTER, DARK 
HORSE, and OSTRICH had one point, 
BELLE, BLACK KNIGHT, ELSA, and 
BLITZ V had one half point, and the others 
had no points. For the second round, the 
programs all played against opponents with 
the same number of points from the first 
round. 

KAISSA showed the strength it had not 
displayed in the first round, defeating TELL, 


11W,15) 
* (W,7) 


MASTER 
BLACK KNIGHT 
WITA 

ELSA 

DARK HORSE 


OSTRICH 
An V 


CHUTE 1.2 


у (B,10) 
1 (B,12) 


0 (W,2) 
1 (W,10) 


% (B,13) 
0 (W,4) 

у, (W,11) 
1 (8,16) 


Table 1: The Second World Computer Chess Championships’ results at a glance. In this table, 
each program's results in the four rounds of the tournament are summarized. A point (1) is 
awarded for each win, а hulf point (1/2) for each draw, and zero for each loss. in the notation 
of each round, the score color und opponent are given in the notation s (сұп) where s is the 
score for the round (1, 1/2 ar 0), c is the color which the program played (B or W for black or 
white) and n is the number of ihe opponent in this list of programs. 
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4800 BAUD CASSETTE RECORDER 


An ASYNCHRONOUS NRZ type Recorder with remote motor Start/stop. Error 
rate 108 at 4800 BAUD. Can be used from 110 to 4800 BAUD into a UART or "Bit 
Banger PIA" -no clocking required. This is not an audio recorder. It takes 85232 or 
TTL signals from the terminal or computer and gives back the same signals. No audio 
interface is used. Motor start/stop is manual or through TTL or RS232 signals. 

Tape speed is 3.2 /second nominal; 1.6"/sec. optional. 110 volt, 60 Hz, 5 watts. 
(220 Volts on special order). Can use high quality audio cassettes (Philips Type) or 
certified data cassettes. Can be used in remote locations from a 12 Volt battery. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PRO. 
GRAM RELOADING and DATA STORAGE. Especially recommended for 6800 
systems, 6502 systems, 1800 systems and beginners with the 8080 systems. Manual 
control except for motor start/stop. 6800 or 8080 software for file or record searching 
available on request with order. Used by major computer manufacturers, Bell Tele- 
phone and U.S. Government for program reloading and field servicing. 


MODEL CC-8 $175.00 AVAILABILITY — Off the shelf. 


PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS 6800 CONTROL 


MIKBUG with 1 K of ADDITIONAL ROM PROGRAM. LER for SWTP 


ji 


. 


This із а complete tape controller for the SWTP 6800 system. Has 3 К of EPROM b V As 
space for your own programs. A 1 K ROM (2708) is provided with all tape and moni- 7M i | 
tor functions. The ROM program is identical to our extensive 8080 ROM program. "ul 

Has one ACIA for one or two tape drives, one USART for an additional Serial port 
and a 4 bit parallel port for motor control. Will control one or two CC-8 or 3M3A 
drives with the software provided. Can be used with other tape drives controllable with 


4 TTL bits if appropriate software changes аге made. Шы 
Extra serial port is provided for your use with a second terminal or printer. (R5232, ШІ 2.4 E | 
TTL or 20 ma) sia ң ШК. | 
The ROM program supplements the MIKBUG program and {5 entered automatically i тааланы тенек И үр, 
on reset. 


AVAILABILITY Off the Shelf. $190.00, Tested & Assmb. ($160.00, Kit) 


PROVIDES MONITOR AND TAPE SOFTWARE in ROM TERMINAL and 
TAPE PORTS on SAME BOARD CONTROLS ONE or TWO TAPE UNITS 
(CC-8 or 2M3A) 


This is a complete 8080, 8085, or Z80 system controller. It provides the terminal 
VO (RS232, 20 mA, or TTL) and the data cartridge I/O, plus the motor controlling 
parallel I/O latches. Two kilobytes of on board ROM provide turn on and go control 
of your Altair or [msai. NO MORE BOOTSTRAPPING. Loads and Dumps memory 

2d in hex on the terminal, formats tape cartridge files, has word processing and paper 
“= tape routines. Best of all, it has the search routines to locate files and records by 

; means of six, five, and four letter strings. Just type in the file name and the recorder 

= W and software do the rest. Can be used in the Вїбупс (IBM), BiPhase (Phase encoded) 
NE =a ; or NRZ modes with suitable recorders and interfaces, 

ASI TI SEM р This is Revision 7 of this controller. This version features 2708 type EPROM's so 
ШІ ШШШШ Ш її that you can write your own software or relocate it as desired. One 2708 prepro- 

grammed is supplied with the board. A socket is available for the second ROM 

allowing up to a full 2K of monitor programs. 

Fits all $100 bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock 


from bus. Cannot be used with audio cassettes without an interface. Cassette or 
2510 (R) CONTROLLER cartridge inputs are RS232 level. 
$190.00 ($160.00 Kit) AVAILABILITY — Off the shelf. 


Z 80 BOARD for SWTP COMPUTER: Now you can use the 8080/Z80 software programs іп your SWTP 6800 
machine. Replaces your MPU board with a Z80 and ROM so that you are up and running with your present 
SWTP memory and MPC card. $200 assembled and tested. ($160 kit) 

AVAILABLE—November ‘77. 


OVERSEAS: Export Version 220 volt 50 hz. Write factory or: Megatron-Datameg, 8011 Putzbrunn, Munchen, Germany; Nippon Automation 
5-16-7 Shiba, Minato-Ku, Tokyo, Japan; Hobbydata, FACK 20012, Маіто, Sweden; G. Ashbee, 172 Ifield Road, London SW T0-9ag: Trin- 
tronics, Ltd., 186 Queen Street W., Toronto, Ontario, Canada; EBASA, Enrique Barges 17, Barcelona 14, Spain; ARIES, 7, rue Saint Phillipe du 
Route, 75008 Paris; Microlem 20131, Milano, Italy, Eagle Electric, Capetown, S. Africa, 


For U.P.S, delivery, add $3.00 Overseas and air shipments charges collect. N.J. Residents add 596 Sales Tax. WRITE or CALL for further 
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National Multiplex Corporation 


3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530 
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from Switzerland, in а remarkable 16 moves, 
the shortest game of the tournament. TELL, 


written by Johann 


Joss, 


was European 


champion in 1975, and placed third in 1976. 

In an interesting game, DARK HORSE, 
playing without the aid of an opening book, 
used a nonstandard opening against CHAOS, 
a program with an opening book of 7,500 
positions. Since none of the book openings 
had prepared CHAOS for the very unusual 
N-QB3 move, it had to revert to its middle 
game analysis rather than responding in- 
stantly with a table lookup result. After 


three moves: 


2. N-B3 
3. P-K4, 


N-QB3 


the position was transposed to a standard 
Four Knight's game usually obtained by: 


1. P-K4 Р-К4 
2. N-K83 N-OB3 
3. N-B3. 


CHAOS, having discarded its opening table, 
was now unable to recognize that this was 
à standard posilion, and wasted precious 
time analyzing the position Lo determine 


the correct response (sec figure 1). 


1. N-QB3  P-K4 AL the end of the first two rounds of 
Techoscal Comparisons Author Information 
| Average Namber 
al Positions 
Program Word | Opening E kamimed pur 
Rank] Program | Computer | Language Size Length] Book Move Authors) Affiliation Location of Computer 
| | CHESS COC Cy ИЯ тақа БО 5.600 400 000 Chol State Nur these: i Lineverr sity Жапа Halls MAM 1 
48 her 1/76 exter cire DHS LeS Lary Ако Eyansion IL 
| 
| T | КАТА IBM 370 дегн» 25U K з? 10,000 о CHOU Ui M V Donskoy | Institute for System Studies Canada Systems беги 
158 рине ПУ Аара Moscow WSSH Taranto, Ona CANADA 
2 | DUCHESS| 1664 370: | PL |н! 200 K 32 3.000 1,200 Tam Truscoti Duke University Triangle Universis C C 
165 БЕНЧА рилип Bauer Уф upat Durham МС Triangle Park МС 
Ene Jensen 
4 | BELLE PDP-11 “ct BK 16 10,000 36,000 Ken Fhompson.— [Bell Telephone Labs Bell Telephone Labs 
wathi chess positis Jur Conden ће Hall NJ Muri ay Hill NJ 
huaeclyyare 
4 | Caos AMDAHL | FOR THM | атиги з? 7,500 30,000 Mike Alexemier | University al Wlichiman Апшаһ! Corporation 
3/0 v; postions Т Айн Жалп Arbor MI Sunnyvale CA 
Fred Swartz 
НІП Turk ka 
Mic Berman 
Joe Winodgral 
6 | BLACK WAIVAC PFORTAAN | 30K 36 70.000 7 900 Ken бой! бұямғұ rii Spey Шлеуас Roseville 
KNIGHT |1110 рози» Fieri Prius Si Pond MN St Paul MN 
Thy Mala 
Lanny Letahn 
Elitr Alarms 
6 [DARK COC 66004 FORTRAN] MK Gu NU BOOK 12.000 МП Ватт Telelon АП LAM Eissens Multinie Access Computer Group 
HORSE Stuvkholim SWEDEN Tusanio, Отар CANADA 
6 ELSA Telp- Авган 100 K 48 500 інінен Zabere Technischen Шала зара Yechriascheu арчи у ыа Miuosh 
funk en pr set nens Munchun WEST GERMANY Munich WEST GERMANY 
TH440 
Б | MASTEH | (Bi 370 [PLA VOR 3? "50 10 WOU J & Bienne: | Hutherlord Lab aim AERE AERE Harwell UR 
16B тігіне Parr K eanl Маза], Doxlorelshire UR. 
Б | WITA AWDAHL]ALGOL We | 350 K 32 9.000 MS Dorm Marsan Liniversiby el Alberta Uniesrsiy of Aber cin 
470 Wig ри пп Fitmuntin, Alberta CANADA Edmonton, Alberta CANADA 
11 HCP COC 6400) POH THAN | уак яй Жии 1, DOD рат Dun Вен Qupen Mary Calleqe Kite Muster Wrirves sily 
anrd рәп Second носот ENGLANE Hamilion, Daiano CANAD А, 
Assernipty 
ІК [BLITZ v | XEROX FORTAAN | K a ‚пой EOD Honert Hyatt Unigrsdy of Sourhnim Мир | Uniwersity ol Southern Mississipi 
SIGMA g меніне Hattiesburg MS Hattiesburg MS 
11 | CHUTE AMDAHL | BPL LE x- 250 K 32 45 900 Mike M alite University of Toronto industrial Life Technica 
12 470 v5 tended БЕЛІН Zvonka магис | Toronto, Gatarie CANADA Services {ISTI 
XPLI Montreal, Chiehiec CANADA 
11 |OSTRICH | iat Assembly 20K 18 мо HOOK 10,000 Monroe Мізлімоган | МС University A1 3Uurnamernt Sate 
General George Danpld Monreal Quebec CANADA 
Superniva 
15 | HS 6676 [Ем 3/0; | FOR (HAN | 200 K 32 1.000 150 Barend Sweets Purvale eniry Dacron Limet 
1БЕ pasitiens Tiliorg ic£ THERLAMDS Tenant, Oniend CA NADA 
ІН |TELL DEC KINO] Ap GOL BO | I5 K 36 Jotun Juss Éirlgenossische Technische Dataline Systems 
Hochschule Toronto, Ontaro CANADA 
Zurich SWITZERLAND 
——— | 


Table 2: Technical characteristics of contestants. This table tists the major characteristics and source of euch program entered 
into the Second World Computer Chess Championships, A total of 33 people were actively involved in the design and pro- 
gramming of the 16 programs entered in the contest; while no personally owned microcomputers were entered in the 1977 
championships, we expect some future editions of the contest to include contestants from the world of personal computers. 
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The Best of Creative Computing 
Volume | 
The Best of Creative Computing 


Volume Il. Culled from pages of Creative 
Computing Magazine, these two volumes 
provide fiction, fun, foolishness, and plenty 
of nuts and bolts commentary and pro- 
gramming information for anyone curious 
Or serious about the wonderful world of 
personal computing. $8.95 per volume. 


Structured Programming in APL by 
Dennis P Geller and Daniel P Freedman 
", , . Our approach is to present the funda- 
mentats of structured programming in APL. 
Students may go on from here ta learn to 
write faster programs or more compact 
programs, or more aesthetic programs; this 


we hope is where they learn to write 
working programs." From the Preface. 
$8.95. 


—  .APL—An Interactive Approach Second 
Edition, Revised, by Gilman and Rose. 
Here's an excellent way to introduce your- 
self to the APL language. APL is rapidly 
becoming one of the most popular high level 
languages in the computer field because of 
its clarity and conciseness. Gilman and Rose 
have extensively updated their popular book 
to include the latest information about the 
language and the various forms of it which 
are now in use. Since the examples are all 
carefully spelled out, APL—An Interactive 
Approach is particularly recommended for 
those who do not have access to an APL 


terminal. Answers to all problems are 
included. $11.95. 
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A BIT OF Everything 


How to Program Microcomputers by 
William Barden, Jr. Here is a guide to 
assembly language programming of the 
Intel 8080, Motorola MC6800, and MOS 
Technology MCS6502 microprocessors. it 
is written especially for beginning pro- 
grammers with hobbyist microcomputers 
based on one of these three chips. The 
topics covered range from data manipu- 
lations at the bit level up to handling of 
tables and lists and from simple adds and 
subtracts up to floating point operations. 
$8.95. 
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____Bar Code Loader by Ken Budnick is 
the key that unlocks the door to Paper- 
Буле Software Books, Included in this 
publication is a brief history of bar codes, 
a look at the Рарегізуте М Bar Code format 
including flowcharts, and a general bar code 
loader algorithm. Well documented pro- 
grams with complete implementation and 
checkout procedures are inciuded for 6800, 
6502 and 8080/2-80 based systems. Indi- 
viduals with computers based on these 
processors can use the software directly, 
Individuals with other processors can use 
the provided functional specifications and 
detail examples to create equivalent pro- 
grams. $2.00. 
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Circle В on inquiry card. 


Game 
game 


was KAISSA's defeat of 


2: Тһе shortest 
of the tournament 


TELL in the second round. 
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White: KAISSA Black: TELL 
1. P-K4 P-K4 
2. N-KB3 N-QB3 
3.  B-N5 N-B3 


The Berlin defense. As Fred Reinfeld painted 
out, "The drawback of this once popular defense 
is that it leads to a weak pawn position for Black.'' 


4. О-О NxP 

5. Р-О4 МхР 

6. NxN PxN 

7. ОхР N-B4 

8. R-Kich N-K3 

9. N-QB3 P-QB4 
10. Q-K5 P-KR4? 
11. М-О5 
12. 


n B 3 


; Tn 


12. xx Q-R4 
13. BxB P-QN3? 
14. ОхМР R-R3 
15.  Q-N8ch N-B1 


16.  QxN mate 


play, only two programs, CHESS 4.6 and 
DUCHESS, had two wins to their credit. 
These two programs played each other in 
the third round. After a hard fought 50 
move game, CHESS 4.6 extended its winning 
streak to three games. 

Throughout the tournament, the moves 
of the OSTRICH program were punctuated 
by the familiar clatter of Monroe Newborn's 
ASR 33 Teletype, audible to the entire 
audience. On the sixteenth move of his 
game against BLACK KNIGHT, the Tele- 
type began to clatter madly. It was obvious- 
ly in an open loop. The cover was removed, 
and an urgent call was made for any ASR 33 
experts in the audience. Unable to continue 
play, OSTRICH was forced to resign from 
the gamc. Later it was learned that, although 
the Teletype was making the noise, the fault 
lay with the serial IO interface of the mini- 
computer, and not with the terminal. 

Problems were not confined to the on 


site minicomputer. in the final round of 
play, CHESS 4.6 was matched with BELLE, 
running on a PDP-11 located at the Bell 
Telephone Laboratories in Murray Hill NJ. 
The game was interrupted for several 
minutes because BELLE was experiencing 
communications difficulties. 

Ап interesting aspect of the BELLE 
system was the use, for the first time, 
of а microprogrammed hardware move 
generator added to the PDP-11. This feature 
allowed a much faster generation of posi- 
tions for analysis and is thought by many 
to be the route to better chess playing com- 
puters. In this case, it was not enough. After 
52 moves, CHESS 4.6 mated BELLE to win 
the game, and the tournament. 

The final results, shown in table 2, show 
that CHESS 4.6 was the undisputed cham- 
pion with four wins, KAISSA and DUCH- 
ESS tied for second with three wins each, 
and CHAOS and BELLE tied for third with 
two wins and a draw each. 

Prizes of another sort went to the fol- 
lowing programmers and their programs: 


1. One programmer inserted (just 
for fun) a message into his pro- 
gram to print "POSSIBLE MATE IN x 
MOVES" each time a mate threat 
was discovered in the analysis. When 
the position became dangerous during 
round 1, the number of possible 
mate threats became enormous. The 
programmer was unable to interrupt 
the program as it listed page after 
page of possible mate combinations 
іп 2, 3, 4, ... 16 moves. As a result, 
the opponent's move could not be 
entered and the game was lost due to 
a time forfeit. None of the mate 
threats were irrefutable. By round 
2, the message had been removed. 
2. A bug in another program was not 
a new one. lt had been in the program 
for nearly ten years. Unable to locate 
the exact cause of a fatal run time 
error which occurred sporadically dur- 
ing the program execution, the pro- 
grammer devised a subtle solution to 
prevent the program from abending 
during a game by trapping the error 
code before the operating system 
could react to it and initiating an error 
recovery routine which would restart 
the program and skip the error prone 
analysis. A message was directed to 
the line printer to inform the pro- 
grammer that the recovery routine 
had been called. This procedure had 
allowed the program to compete 
successfully in several tournaments 
without a single fatal abend. During 


Introduction То Microcomputers, 
Volume 0, is written for the absolute be- 
ginner, the person who “knows nothing” 
and needs the elementary understanding 
necessary to ask questions and decide where 
he wants to go. “Тһе Beginner's Book” tells 
you what microcomputer systems are all 
about: the component parts, options avail- 
able, and what they can do for you. Volume 
0 also gives an introduction to microcom- 
puter logic. $7.50. 
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____ Getting Involved With Your Own Com- 
puter by Leslie Solomon and Stanley Veit 
answers the questions: "What can small 
computers do? Which is best fo my pur- 
poses?" Whether your interest is business 
applications, word processing, education, 
security, etc., this lucid text will bring you 
in touch with an exciting new world des- 
tined to affect us all. $5.95. 
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Payrol) With Cost Accounting іп 
BASIC is now available, The book includes 
program listings with remarks, descriptions, 
discussion of the principles of each program, 
file layouts, and a complete user's manual 
with step-by-step instructions, flow charts 
and sample reports with CRT displays. All 
35 programs are written in the widely used 
computer language BASIC, and work 
together to produce a payroll, right down to 
the printing of paychecks and maintaining 
of employee records. $12.50. 


Microprocessors: From Chips to Sys- 
tems by Rodnay Zaks is a complete and 
detailed introduction to microprocessors 
and microcomputer systems. Some of the 
topics presented are: a comparative evalu- 
ation of all major microprocessors, a jour- 
ney inside a microprocessor chip, how to 
assemble a system, applications, interfacing 
(including the new 5-100 bus) and program- 
ming and system development. $9.95. 


_____ Microprocessor Interfacing Techniques 
by Austin Lesea and Rodnay Zaks describes 
the complete assembly of a microprocessor 
system: assembling a processor; IO tech- 
niques; interfacing to a keyboard, LED 
display, Teletype, printer, floppy disk, video 
display, cassette-tape; industrial interfacing: 
analog to digital (and vice versa) techniques; 
communications; and standards, including 
Altair (65-100), IEEE488, CAMAC. А 
complete casestudy is presented for a 
multi-channel communication system and a 
chapter is dedicated to troubleshooting 
techniques. Actual interconnects are pre- 
sented for a number of microprocessors 
including the 8080 and the 6800. $9.95. 
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Game 3: The final game 
of the tournament was 
BELLE versus CHESS 4.6, 


listed here. 
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White: BELLE 
1. PKA 
22 N-KB3 
3. P-04 
4.  N-B3 
5. Р-КБ 
6. P-QR3 
7. PxB 
8.  B-Nb5ch 
9. в-03 

10. М-М5 

11.  N-B3 

12. PxP 

13. B-K3? 

14. BxQRP 

15. О-О 

16. RxR 

17. 8-QB5 

18.  B-Q6 
19. Q-R1 

20. Охо 

21. R-R1 

22. P-B3 

23. R-R4 

24. PxN 

25. R-KN4 

26. B-B2 

27. R-OR4 

28. R-R1 

29. PxP 

30.  B-N1 

31, K-R1? 

32. М-04 

33. N-K2? 

34. М-М1 

35. Н-Н5 

36. P-B3? 

37.  P-R4? 

38. РхР 

39. K-R2 

40. R-R4? 

41. K-N3 

42.  K-R3? 

43.  R-R8 

44. K-N4 

45, K-R3 

46. K-R2 

47. R-Q8ch? 

48. R-KN8? 

49.  R-N7? 

50.  R-KR7 

51.  R-R3? 


Black: CHESS 4.6 


N-QB3 
P-K3 
Р-О4 
B-N5 
N/1-K2 
BxNch 
N-R4 
8-02 
R-QB1 
P-KR3 
P-OB4 
RxP 
RxP 
N-B5 
RxRP 
NxR 
Q-R4 
N-BS 
N-B3 
М/3хО 
B-B1 
N-B3 
NxB 
K-Q2 
P-KN4 
KxP 
P-N4 
P-ON5 
NxP 
B-Q2 
P-B4 
R-QB1 
B-N4 
R-B8 
RxB 
B-B8 
R-N7 
BxPch 
PxP 
BxPch 
B-R4 
P-B5 
B-N3 
R-N7ch 
RxN 
R-N5 
K-K4 
B-K5 
B-B6 
N-O6 


Position after 51. R-R3? 


51. 
52. 


K-R1 


R-N7ch 
N-B7mate 


round 1, the error recovery routine 
was called three times. In round 2, 
it was called ten times; in the third 
round, 20 times. But in round 4, 
the position of the game somehow 
triggered a tight loop around the 
patched code. The run time error was 
triggered 800,000 times. The error 
recovery routine was called 800,000 
times, and 800,000 lines of printed 
output awaited the programmer at the 
data center the next day. The program 
did not abend, but it also did not win. 
It probably spent most of its time in 
the error recovery routines. 


The standard of play evidenced by the 
programs competing in this tournament 
shows considerable improvement over that 
demonstrated three years ago in Stockholm 
at the First World Computer Chess Cham- 
pionships. Still, no program available at this 
time is capable of defeating a master ranked 
player in regular play. Room for improve- 
ment still lies in the need for the incor- 
poration of long range plans into the com- 
puter chess algorithms. This is an aspect of 
chess play which is vital to good human 
strategy and yet completely lacking from all 
conventional computer chess programs. 

Also needed are some fundamental 
improvements in the end game play of the 
programs. Most of the current algorithms 
suffer the consequences of the “horizon 
effect," a term coined to describe the 
blunders made when a program fails to see 
threats or opportunities one or more levels 
below the maximum number of plies it 
has searched. This is a particular problem 
in end game strategy, where short term 
heuristics are not necessarily relevant to the 
winning combination. 

Current advances in artificial intelligence, 
pattern recognition and multiprocessors are 
likely to enable significant improvements in 
the chess ability of future computer sys- 
tems over the next few years. It is now quite 
conceivable that master level play will be 
achieved within this decade, and yet it is 
still entirely possible (if not probable) that 
grand master play will not be achieved in 
this century. 
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We Speak Your Language... 


—— Practical Microcomputer Programming: 
The Intel 8080 by W J Weller, A V Shatzel, 
and Н Y Місе. Here is а comprehensive 
source of programming information for the 
present or prospective user of the 8080 
microcomputer, including moving data, 
binary arithmetic operations, multiplication 
and division, use of the stack pointer, sub- 
routines, arrays and tables, conversions, 


decimal arithmetic, various 10 options, real 
time clocks and interrupt driven processes, 
and debugging techniques. 

This 306 page hardcover book is weil 
worth its $21.95 price and should be in 
every 8080 or Z-80 user's library. 


[gm 


A 
COLLECTION 


OF 
PROGRAMMING 
PROBLEMS 

AND 
TECHNIQUES 


сз ax 


— A Collection of Programming Problems 
and Techniques by H A Maurer and M R 
Williams. Here is a book that presents you 
with problems—nearly 400 of them: pro- 
blems and games like chess, bridge, NIM; 
practica! problems such as applications of 
the iaw of science, Kramer's rule for solving 
simultaneous equations, and applications 
of Latin squares to problems of probability; 
and more advanced computer science topics 
such as the use of Backus Naur form. One 
Quarter of the book is devoted to an appen- 
dix that gives stymied readers hints on how 
to proceed with solutions of the problems. 
The most valuabie feature of the book is its 
careful and thorough explanation of the 
use of algorithms to solve problems. No 
dyed-in-the-wool programmer or experi- 
menter will be able to read this book for 
very long before trying to solve the tanta- 
lizing and well presented problems. $13.50. 


$9.00 


THE FIRST 


—— Top Down Structured Programming 
Techniques by Daniel McCracken who has 
called structured programming "a major 
intellectual invention." What is structured 
programming? Clement McGowan and 
John Kelly answer this question in their 
lively, well written book, Top Down Struc- 
tured Programming Techniques. Discover 
the three basic types of flowcharts and 
how to optimize them. One section deals 
with the best ways to manage programs 
being written by a team of programmers. 
An important feature of this book is its 
universality: practically any program in any 
language can be improved by using the ideas 
described in it. $15.95. 


The First Book of KIM. Attention KIM 
users! Here is the book you've been waiting 
for. In it you'll find a beginner’s guide to 
the MOS Technology КІМ-1 microcomputer 
as well as an assortment of games including 
Card Dealer, Chess Clock, Horse Race, 
Lunar Lander and Music Box. Also featured 
are diagnostic and utility programs for 
testing both the computer and external 
equipment (such as cassette recorders), and 
chapters on expanding memory and con- 
trolling analog devices. This 176 page 
volume should prove an essential addition 
to any КІМ user's library. $9.00. 


(B 


— 6800 Programming for Logic Design 


— 8080 Programming for Logic Dasign by 
Adam Osborne. These books are sequels to 
Adam Osborne's previous books, An Intro- 
duction to Microcomputers, volurnes 1 and 
2. They explain how an assembly language 
іп а microcomputer system сап replace 
combinatorial logic such as TTL logic and 
the like. If you're a logic designer, you'll 
discover how to do your job in a new way, 
If you're a programmer, you'll find many 
new and valuable techniques including the 
use of macros, high level languages, peri- 
pheral interface adapters (PIAs), and so on. 
Also included are complete chapters on 
assembler language, direct digital logic 
simulation, and large sections devoted to 
the implementation of all these ideas 
using the Motorola 6800 processor and 
the 8080 processor. $7.50 each. 


DIAL YOUR ORDERS ON THE BITS TOLL FREE HOT LINE: 1-800-258-5477. 
In New Hampshire, call collect: 924-3355 


Send to: 

BITS, Inc. 

70 Main Street 
Peterborough NH 03458 


Check Payment method 


Май -<c u M ааа. 


Address 000 
City State Zip Code 
Sanau с. а ы шу шы 


You may photacopy this page if you wish to leave your BYTE intact. 
ша эр шш шш шш шш ыш шш шш на ыш шш аш ee шиш шщ шш ша ыш ыш шш шш шш шш ма шыш шш uc ың eee ше шщ шш шы ыш шш нана на ша иш аш ша 


Circle 8 on inquiry card. 


My check is enclosed 


= = —— Bill my MC No. Exp. date 
ға ш» — -В!! my BAC No. Exp. date 
Total for all books checked $ 
Postage, 50 cents per book for books S. 
Overseas, 75 cents per book for books $ 


Grand Total 


— 


Prices shown are subject то change without notice, 


АП orders must be prepaid. 


In unusual cases, processing may exceed 30 days. 


BYTE January 1978 


Ш ата ага нна аа т маш ан ш їн оз 


119 


LEARN TO 
PROGRAM 


MICROCOMPUTERS 


And at an affordable price. The 
Modu-Learn™ home study course 
from Logical Services. 

Now you can learn microcomputer 
programming in ten comprehensible 
lessons. At home. In your own time. At 
your Own pace. 

You learn to solve complex problems 
by breaking them down into easily 
programmed modules. Prepared by 
professional design engineers, the 
Modu-Learn'" course presents sys- 
lemalic software design techniques, 
structured program design, and prac- 
tical examples from real 8080A 
micro-computer applications. All in a 
modular sequence of 10 lessons ... 
mare than 500 pages, bound into one 
practical notebook for easy reference. 


You get diverse examples, problems, 
and solutions. With thorough back- 
ground material on micro-computer 
architecture, hardware/software trade- 
offs, and useful reference tables. All 
for only $49.95. 

For $49.95 you learn design tech- 
niques that make software work for 
you. Modu-Learn™ starts with the 
basics Our problem-solution ap- 
proach enables you to "graduate" as 
a programmer. 


Circle the reader service number be- 
low to receive our free descriptive 
brochure and course outline. 

Use your Master Charge or VISA 
card to order today. Call Pat at (415) 
965-8365. 
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711 Stierlin Road 
Mountain View, CA 94043 
(415) 965-8365 


LOGICAL 


SERVICES INCORPORATED 
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NCC Personal Computing Festival 


A Personal Computing Festival will 
share the public spotlight in conjunction 
with the 1978 National Computer Con- 
ference to be held June 5-8 in Anaheim 
CA. A call for papers has been issued for 
the Festival program to be held June 6-8 
at the Disneyland Hote! adjacent to the 
Anaheim Convention Center. Included 
as part of the 3 day program will be pre- 
sentations of invited papers, contributed 
papers, and tutorials, as well as panel 
discussions relevant to personal com- 
puting. Letters of intent to participate 
as either an author, panelist or session 
chairperson must be submitted by 
February 1 1978. Authors who have 
received notification of acceptance must 
submit final papers by March 15 1978 
in a specified camera ready format. 

Chairperson of the Festival program 
is Jim C Warren Jr, editor, Dr Dobb's 
Journal of Calisthenics and Orthodontia, 
Woodside CA. According to Warren, 
approximately 30 sessions are planned 
with emphasis on the following areas, 
although papers and session proposals 
on other topics are encouraged: 


Ф Tutorials for computer novices. 

€ Speech synthesis and speech 
recognition, 

Ф Computer driven and computer 
assisted music systems. 

Ф Computer graphics and video art. 

Ф Persona! computers for the phy- 
sically disabled. 

@ Personal computers for education. 

© Business systems using “home” 
computers, 

9 Hardware and software design and 
implementation. 

© Standards for hardware, interfaces 
and software. 


Papers presented during the Festival pro- 
gram will be published in a softbound 
book, Festival Digest 78, which will be 
available during the NCC. 

Potential authors should immediately 
send a "tetter of intent" including an 
abstract of their proposed talk to: Jim C 
Warren Jr, Star Route РОВ 111, 
Redwood City CA 94062; (415) 
851-7664. Festival author kits, which 
will be mailed to authors, contain in- 
structions and the necessary materials 
for preparing the camera ready copy. 

Session chairpersons must submit 
two copies of a 250 word abstract de- 
scribing the scope of the proposed ses- 
sions and tentative title of presentations 
by February 1 1978. In the case of panel 


sessions, the prospective organizer 
should list proposed panelists, their tilles 
and affiliations, and a briel biography 
of each speaker. Prospective session 
chairmen will be notified as to the 
disposition of suggested sessions by 
February 10 1978. 

In addition to the Festival program, 
there will be an exhibit of personal 
computing products and services and an 
exhibition of individually designed home 
and hobby computers and applications. 

Information on NCC 78 may be ob- 
tained from AFIPS, 210 Summit Av, 
Monivale N] 07645 or by calling (201) 
391-9810.» 


When Is ASCII Not ASCII? 


One reader recently wrote in com- 
plaining that a product advertised as an 
ASCI) keyboard was in his opinion not 
an ASCIt keyboard ат ail. ASCII is the 
American Standard Code for Infor- 
mation Interchange, a 7 bit definition of 
data and command codes maintained by 
ANSI, the American National Standards 
Institute. The crux of this reader's 
comment about the product in question 
is that: 


9 First, the keyboard in question 
only defined an ASCII subset. 

Ф Second, the control sequences 
generated by this keyboard were 
not what he wanted, 


To the first point, one might com- 
ment that rare is the keyboard which can 
generate all 128 possible codes ol an 
ASCII set; it is sometimes hard enough 
finding one which gives both upper and 
lower case. But just because the full 
ASCII set is not generated does not 
mean that we don't have an ASCII key- 
board. If the keyboard generated 
EBCDIC (Extended Binary Coded 
Decimal Information Code, ІВМ 
nonASCII code) or other codes, then it 
could validly be said not to be an ASCII 
keyboard; but this reader's keyboard 
did indeed put out ASCII codes for 
ASCII graphics. To the second point, 
one might comment that the ASCII 
definition says nothing about how the 
codes are generated in a particular piece 
of hardware. [n many instances, [he 
CTRL key does indeed act as a shift key 
of sorts, but this is not the only possible 
way to generate control character values 
in hardware given human inputs. w 
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MORE 6800 SOLUTIONS: 


FOR MOTOROLA “D2” 


FOR SWTPC 6800 


AS-1 ANALOG INTERFACE MODULE 


* FAST, ACCURATE A/D, D/A 
CONVERSIONS 
EIGHT ANALOG INPUT CHANNELS 
ONE HIGH-SPEED ANALOG OUTPUT 
OCCUPIES ONE ГО SLOT 
$87.50 KIT $175.00 А55М. 


SC-1 SERIAL INTERFACE CARD 


DA-1UPGRADE KIT 


CONVERTS 02 TO TERMINAL I/O 
RETAINS FULL CASSETTE I/O 


CAPABILITY 
INCLUDES RT/68MX ROM - 
MONITOR/O.S. 


ALLOWS USE OF BASIC, EDITORS, 


ASSEMBLERS, ETC. 
Қ5-232 SERIAL INTERFACE 


M6800 SOFTWARE 


A/BASIC COMPILER 


8K EXTENDED BASIC COMPILER 
CONVERTS BASIC PROGRAMS TO 
FAST, MEMORY EFFICIENT 
MACHINE LANGUAGE 
DESIGNED'FOR RT/68 — SUPPORTS 
MULTIPROGRAMMING | 
EXTREMELY VERSATILE I/O 

KC CASSETTE + MANUAL — $49.95 


* RS-232 SERIAL INTERFACE 

* FULL CONTROL SIGNALS 
IMPLEMENTED 

* MOST VERSATILE SERIAL I/O 


AVAILABLE 
e $30.00 KIT $40.00 ASSM. 


U.S. Orders Postpaid 


DA1 w/70 p. MANUAL $69.95 
MOTOROLA MMS68104 16K RAM 


* 16K BYTES DYNAMIC RAM 


* ENGINEERED SPECIFICALLY FOR “D2” 


* EXORCISOR — TYPE BUSS 


e $395.00 ASSEMBLED 


Master Charge & VISA Welcome 


RT/68MX OPERATING SYSTEM 


EXPANDED CONSOLE MONITOR ROM 


REAL TIME OPERATING SYSTEM 


DIRECT MIKBUG REPLACEMENT 


PIA OR MULTI-ACIA 1/0 
RT/68MX ROM w/MANUAL $55.00 


Write or call for Free Catalog. 


MICROWARE SYSTEMS CORPORATION 


P.O. BOX 954 * DES MOINES, IOWA 50304 • (515) 279-9856 


An Interesting Paint About the 
State of Computer Technology 


In a recent conversation, Stephen М 
Hicks of FORTH Inc made an interesting 
point about personal computers and the 
Present state of public awareness of 
technology: the personal computer 
viewed as à toy is lo present day tech- 


nology what the "ercctor set" was to 
mechanism and structural technology 
in an eallier ега. When mechanical 


constiuction. loys liist caught on, the 
public was aware o! numerous examples 
ої existing struclure іп transportation 
and general industry that could be 
modeled and emulated through the 
learning device of the construction toy. 
Viewing the personal computer as an 
educational toy, dhe present day con- 
sumer has a means of learning about and 


ACM's New Special Interest Group 
on Personal Computing 


[he — Association dor Computing 
Machineiy nas chartered a new Special 
Interest Group on Personal. Computing 
called SIGPC. SIGPC will be operated 
exclusively For educational and scientific 
purposes in the design and applications 
ol compuler systems foi home, clerical, 
small business, management and шашса” 
tional uses. Ut also. includes. the tech- 
nology of such systems in software and 
hardware, and emphasizes techniques 
Appropriate lo the integration. о! such 
tools as graphics, speech, data Manage- 
moni and systems. Dr. Рона 
Isaacson, who chaiied the 1977 National 
Computer Conference, has been 
Appointed chairperson ol SIGPC. То join 


music 


SIGPC, млн tu the Association. Foi 
Computing Machinery, POR 12105, 
Church Steet Sta, New York NY 
10249, 


Systems 


(which are seen 


and 


understanding what goes on in computer 
throughout 
industry and commerce today) via work- 


ing examples of programs appli- 


cations. This general awareness of com- 
puter systems and their extensive effects 
is perhaps part of the widening public 
lascination with computers. . 


СН в 


HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 


Write and run machine language programs at home, display video graphics 
on your TV set and design microprocessor circuits — the very first night 
— even if you've never used a computer before! 


RCA COSMAC microprocessor/mini- 


SPECIFICATIONS 
ШЕ И features an RCA 
COSMAC COS MOS s8-bit 
microprocessor address- 
able to 64K bytes with 
DMA, interrupt, 16 regis- 
ters. ALU. 256 byte RAM, 
full hex keyboard, two 
digit. hex output displays, 
5 slot plug-in expansion 
bus. stable crystal clock 


for liming purposes and a 
double-sided plated- 
through PC board plus 
RCA 1861 video IC to dis- 
play any segment of mem- 
ory on а video monitor or 
TY screen. 


USE ELF II FOR... 


GAMES 
Piay interactive keyboard games, 
games with analog inputs, games 
utilizing your TV set for a video 
display! 

GRAPHICS 

Create pictures, designs, alpha- 
numerics and fabulous animated 
effects on your TV screen for 
hour after four of family fun! 
CIRCUIT DESIGN 

Design circuits using a mucro- 
processor. Use ELF И as a 
counter, alarm system, lock, 
controller, thermostat, timer. 
telephone dialer, etc. The pos- 
sibilities are infinite! 
Coming Soon! 

Exclusive Netronics Plug-in 
Program Debugger and monitor 
allows visua! display of any 
program on a clock pulse by 
clock pulse basis ta help you 
learn programming f-a-s-t! = 4k 
memory * Cassette 1/0 • D to 
A, A to D * Controller plug-ins. 


Circle 74 on inquiry cared. 


ep Er аы ирин ир кто 


computer 


A THOUGHTFUL GIFT 
FOR ANYONE WHO MUST 
STAY UP TO DATE ІМ 


COMPUTERS AND 
ELECTRONICS! 


-— 5005 


шәп mm шыш шыш -— аша SEND TODAY шан шшш mum иш um ано oy 


NETRONICS R&D LTD., Dept. BYI! 
333 Litchfield Road, New Milford. CY 06776. Phone (203) 354-9375 


Yes! J want to run programis at 
home and have enclosed: 
С $99.95 plus $3 p&h for RCA 
COSMAC ELF If kit. Featured 
in POPULAR ELECTRONICS. 
Includes all components plus 
everything you need to write 
and run machine language pro- 
grams plus the new Pixie chip 
that lets you display video 
graphies on your TV screen, Ne- 
signed to give engineers рг: nelice 
in computer programming and 
microprocessor circuit design, 
ELF ll is also perfect for college 
and college-bound students (wha 

must understand computers for 
апу engineering, scientific or 
business career). Easy instruc- 
lions pet you started right away, 
even if you've never used à com- 
puter before! 

As your necd for computing 
power grows, five card expan- 
sion bus (less connectors) allows 
memory expansion, program de- 
bugger monitor, cassette L/O, А 
to D and D to А converters, 
«КОМ, «АСЫ Keyboard d inputs, 


controllers, ete. tsoon to be 
available as kiish Manual in- 
cludes instructions far assembly, 
testing, programming, video 
graphies and sames ples how 
you can get ELE IE User's Club 
bulletins, Kit cam be assembied 
їп a single cvening and you'll 
still have time to run programs, 
including games, video graphics, 
controllers, etc., before going to 
bed! O $4.95 for 1.5 amp 6.3 
VAC power supply, required for 
ELF П kit, О $5.00 for RCA 
1802 User's Manual. 

JI want mine wired and tested 
with the power transformer and 


П Send info on other kits! 
Dealer Inquiries 1 Invited 


RCA 1802 User's Manual for | 
$149.95 plus $3 p&h. 

Conn. res. add sales tax. | 
МАМЕ 

ADDRESS. | 
CITY | 
STATE ZIP. | 
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David A Higgins 


Langston Kitch and Associates 


715 E 8th St 


Topeka KS 66607 


Structured Programming 


with Warnier-Orr Diagrams 


Part 2: Coding the Program 


In part 1 we carefully constructed a 
design structure. In order to make the most 
of that structure a few words about pro- 
gramming style are in order. While it is true 
to a certain extent that any method of 
coding the structure will produce a logically 


errors resulting from shoddy coding tech- 
niques as well as problems with maintain- 
ability seem to indicate that a great deal 
of care should be exercised in the con- 
struction of the actual program code. 

For this particular example, I'll use a 


correct program, matters of syntactical fairly 


| | OPEN FILES 
BEGIN PROGHAM SET INITIAL VALUES 
READ FIRST RECORD 


T BEGIN YEAR d SKIP 


PRINT HEADINGS 
BEGIN MONTH PRINT STARTING BALANCE 
INITIALIZE RUNNING BALANCE 


BEGIN DAY (o 

DEBIT 
ТАП 

Ф 

YEAR | MONTH DAY TRANSACTIONS 
REPORT PROGRAM E oy yi imi бы ам 

CREDIT 

10,1) 


END TRANSACTION 
END GAY Сөк» 
END MONTH C CURRENT BALANCE 
END YEAH ( SKIP 


END PROGRAM (eos FES 


standard version of BASIC that 


MOVE CHECK NUMBER, CHECK "TO", AND 
CHECK AMOUNT TO PRINT LINE 


SUBTRACT CHECK AMOUNT FROM RUNNING BALANCE 
MOVE RUNNING BALANCE TO PRINT LINE 

PRINT A LINE 

PRINT SECOND LINE 10,11 

SPACE ONE LINE 


MOVE DEPOSIT AMOUNT, DEPOSIT DESCRIPTION 
TO PRINT LINE 


AOD DEPOSIT AMOUNT TO RUNNING BALANCE 
MOVE RUNNING BALANCE TO PRINT LINE 
PRINT A LINE 

SPACE ONE LINE 


( GET NEXT RECORD 


Figure 1: Final Warnier-Orr diagram description of the checkbook balance report program (reproduced from part 1). 
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runs on a |100 Jacquard Systems com- 
puti. The concepts and construction 
rules are just as applicable to Tiny BASIC, 
assembly language, and especially APL. 
Oheying the following five coding con- 
ventions will help you write a program that 
will execute on ihe first time. 


Coding Convention 1: Names Should Bc 
Indicative of Function 


For versions of BASIC that only allow 
one letter names, this is often a little hard, 
but for most other languages with multiple 
character symbols, it is à must. For instance, 
4 field that contains an amount should be 
labeled AMOUNT, an address field should 
probably be called ADRESS, and so 
forth, Cutesy names; SNEEZY, DOPEY, 
GRUMPY, HELL {a perennial favorite label 
lor adolescent COBOL programmers) are 
to be strictly avoided, 


Coding Convention 2: Comments Should 
Be Used Freely 


Comment lines in programs written in 
obscure languages, APL for instance, should 
probably outnumber actual lines of code. 
Comment lines are especially useful for 
explaining unclear methods of calculation, 
complex decisions, etc. 


Coding Convention 3: Every Bracket of a 
Warnier-Orr Diagram Should Represent a 
New Subroutine 


Languages that do not permit subrou- 
lines or languages that limit the levels of 
nesting of subroutines are very tricky to 
use and should be avoided if at all possible. 
Save your spare change for three or four 
weeks and go buy a better version of BASIC; 
there are plenty of good ones on the mar- 
ket. In BASIC, cach subroutine should be 
clearly labeled with REMark statements. 


Coding Convention 4: Subroutines Should 
Be as Shart as Possible 


(f a subroutine contains too many state- 
ments ilis difficult to understand and main- 
tain. It also means you are probably doing 
something іп this subroutine that should 
be pul ín another subsequent subroutine. 
In mast high level languages a practical 
limit of 10 ta 20 statements is appropriate, 


SUBTRACT 
SUBJECT V 
FROM 

OBJECT V 


NEGATIVE 


POSITIVE 


GET 
IDENTIFICATION 
CODE 


COMPLEMENT 
DIFFERENCE 


RETURN 


GET VERTICAL 
EXTENT OF 
OBJECT 


DIFFERENCE 
>EXTENT 


USE HMATCH 
TO DETERMINE 
SIGHTING 
FLAG STATUS 


| pirrERENCE | 
L 


А - 


USE VSIGHT 
TO DETERMINE 
SIGHTING 

FLAG STATUS 


RETURN 


Figure 2: This a а flowchart chosen at random for comparison to a Warnier- 


Orr representation. 
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This rule is standard structured program- 
ming practice. 


Coding Convention 5: GO TQs Should Be 
Avoided 


In higher level languages, GO TOs can 
often and should be climinated entirely. 
However, in versions of BASIC that do not 
have a DO verb and in assembler, GO TOs 
are often necessary. Utmost care is urged 
whenever a GO TO is used; it should only 
be used as a last resort. In assembly lan- 
guage, usc of arbitrary jumps or branches 
should be avoided. 

When coding the program, the order of 
the subroutines is not crucial. The only 
piece of code that must be fixed in any 
certain location is the highest level bracket 
which must be the first executable line, 
or lines, of code. One possible way of 


Q ASSEMBLED AND TESTED 


Plus $3.00 handling charge. California residents add 6'/2% sales tax. 


SYNC PULSE AND LEVEL 
3. 20 MA OPTO-ISOLATED CURRENT LOOP, POLARITY INDEPENDENT 


2. BUFFERED 8 BIT (TRI-STATE LATCH) PARALLEL OUTPUT WITH VALID DATA 
LED INDICATOR FOR SHIFT-LOCK KEY ELIMINATES CASE UNCERTAINTY 


үс 24 PIN DUAL — INLINE CONNECTOR 


тт FACTORY SET AT 110 BAUD BUT EASILY ADJUSTED BY USER TO ANY BAUD 
RATE FROM 110 TO 9600 BAUD 


Yr 4 SIMULTANEOUS OUTPUTS AVAILABLE: THE ONLY ONE ON THE MARKET 
тт ANSI — COMPATIBLE KEY SET; FOR SLIM-LINE “HIDEAWAY” PACKAGING 
vy SEGMENTED SPACE BAR ALLOWS FAST MULTIPLE-SPACING WITHOUT 

xy USER SELECTABLE UPPER CASE ONLY (KSR/ASR/33 REPLACEMENT) ОН 


Үг SINGLE +5 VOLT 300 MA (NOMINAL) POWER SUPPLY 

ir INDUSTRY STANDARD 2 KEY ROLLOVER ENCODER 

Yr REPEAT KEY REPEATS AT CHARACTER RATE 

Yr LOW PROFILE CASE (OPTIONAL) Available Mid-December 


zd ш 
S 2 
ш o д coding the first section is to omit the first 
Ё 9 In fe bracket and consider the code as the main 
5 ози б e program. For BASIC, subroutine calís arc 
2 2 x d ы re left unnumbered until the subroutine is 
n < 5 % fa actually written. In this case, we use nnn to 
Ф т 5. & 5 е indicate an unknown number. 
ч ч 22 ә ш 
Щщ o 100 REM CHECKBOOK BALANCE REPORT PROGRAM 
110 REM BEGIN PROGRAM 
120 GOSUB nnn 
8 130 REM YEAR (1,Ұ) 
fy] 140 LET ENDYR = PALSE 
е 150 GOSUB nnn 
2 160 IF ENOYR = FALSE THEN СОТО 150 
Ш 170 REM END PROGRAM 
0 180 GOSUB nnn 
- 190 END 
n 
L 
Q 
Ep 


Another way to program this section would 
be to have the above piece of code as a sub- 
routine to an even higher level procedure as 
follows. 


80 REM CHECKBOOK BALANCE REPORT PROGRAM 
90 GOSUR 110 
95 END 


. 100 through 180 as above 


200 RETURN 


Either way of coding is acceptable. Note 
that the GO TO in statement 160 is used to 
create the structure of a DO UNTIL, a 
feature that is not available with this par- 
ticular BASIC. 

The center path of the Warnier-Orr dia- 
gram is the easiest to begin to code at this 
point. So the code for the YEAR, the 
MONTH, and the DAY routines is shown 
next; for the subroutine YEAR: 


Orders accepted by phone or mail. 
MASTERCHARGE « VISA + COD « CHECK х MONEY ORDER 


n COMPONENT SALES INC. 


250 REM YEARLY PROCEDURE 


778-A BRANNAN, SAN FRANCISCO, CA 94103 


Stand Alone ASCII Keyboard Specification 


260 REM BEGIN YEAR 
270 GOSUB nnn 
280 REM MONTHS (1,M) 
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290 LET ENDMO = FALSE 


300 GOSUB nnn 

310 IF ENDMO = FALSE THEN GOTO 300 
320 REM END YEAR 

330 GOSUB nnn 

340 RETURN 


For the subroutine MONTH: 


350 REM MONTHLY PROCEDURE 


360 REM BEGIN MONTH 

370 GOSUB nnn 

380 REM DAYS (1, D) 

380 REM DAYS (1,0) 

1909 LET ENDAY = FALSE 

400 GOSUB nan 

410 IF ENDAY = FALSE THEN GOTO 400 
420 REM END MONTH 

430 GOSUB nnn 

440 RETURN 


For the subroutine DAY: 


450 REM DAILY PROCEDURE 

460 REM BEGIN DAY 

470 GOSUB nnn 

480 REM TRANSACTIONS (1.T) 

490 LET ENDTRN = FALSE 

500 GOSUB nnn 

510 IF ENDTRN = FALSE THEN GOTO 500 
520 REM END DAY 

530 GOSUB nnn 

540 RETURN 


The TRANSACTIONS process breaks down 
as follows: 


550 REM "TRANSACTIONS ROUTINE 


560 REM CREDIT (0,1) OR DEBIT (0,1) 


570 IF CDFLAG = CREDIT THEN GOSUB nnn ELSE GOSUB nnn 


580 REM END TRANSACTION 
390 GOSUB nnn 
500 RETURN 


Subroutine DEBIT is coded a bit dif- 
ferently from the way it was designed for 
one simple reason. BASIC will let you out- 
put from the same fields that were read 
in as input; many languages do not. There- 
fore, the only code remaining in the sub- 
routine is the subtraction of the amount 
from the running balance апа the print 
commands, 


810 REM DEBIT PROCEDURE 


620 LET RUNBAL = RUNBAL - AMOUNT 

580 PRINT ON PRINTR: DAY, CHKNUM, DESCI, 
660 IF DESC2 3 SPACES THEN PRINT ON PRINTER: 
670 PRINT ON PRINTR: SPACES 

680 RETURN 


The symbol z is the not equal to operator. 
Note thal this code makes no attempt to 
format the output line. Although the facility 
is available with this version of BASIC, it 
differs greatly from other line formatting 
BASICs around, and would serve only to 
confuse the immediale issue, 


DRAMT, CRAMT, 


DESC2 


RUNBAL 


MALETI 


Ar Y 


..with our Model 150 
S-100 bus 
Logic Analyzer. 


D PLUGS INTO ANY S-100 SLOT 


O MONITORS ADDRESS, DATA, STATUS, 
INTERRUPTS AND CONTROL SIGNALS 


О CAN ANALYZE EXTERNAL EQUIPMENT 
D OPERATES WITH ANY OSCILLOSCOPE 


How does this grab you? 


The Mode! 150 plugs into one stot of an 5-100, 
computer and "grabs" lifty-six major signals. 
Fitty-six, That's more troubleshooting and train- 
ing visibility than any other logic analyzer can of- 
ter you. Need to look at signals external to the 
bus? No problem. The Model 150 even incor- 
porates a lully-indapendent 8-channel analyzer 
identical to the popular Model 100A (See Popular 
Electronics, Fab. 1977.) 

A remote-control plug-in pod provides lingertip 
control over all triggering, data collection and dis- 
play functions. So plug the Model 150 into your 
computer — you may never unplug it again. 


Complete kit and manual .......... $389.00° 
Assembled unit and manual ....... $449.00* 
Dats probes for external analyzer . $10.95 ppd 
Separate 100-page owner's manual . 57.85 ppd 


"Ада $5.00 tar AIR smpping in U 5 , 515 OD loren 
Сан! residents please add appropriate sales tax. 


PARATRONICS, INC. 


BOO CHABCOT AVENUE > SAN JOSE € CALIFORAIA s 9573! 
TEL (4081 263 2252 


it possible, please use Business address in place 
of home address on reader service card. 
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Figure 3: The original flowchart converted into Warnier-Orr diagram. This is a much simpler 


looking diagram and is easier to follow and explain to someone. Since it is broken down into 


sections it can be programmed as a series of subroutines thet can be easily maintained and 


modified. 
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ШҮТЕРІГІЗГЕ AOC MAGAZINE PRESENTS 


Micro Bus 


CONSUMER 


© 
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\ 


MICRO BUSINESS '78™ wiil provide a series of marketing 
forums and exhibits to introduce the small independent busi- 
nessman to the new low-cost, high-power business microcom- 
puter that will reduce his company's costs, place him in a more 
flexible marketplace and provide timely data information. 

Emphasis will be on the small budget requirements for pur- 
chase of an in-house computer. The show will demonstrate the 
latest systems, exhibiting complete hardware and software 
from small hand-held programmable calculators to full turn-key 
computers. 

* Latest in Word Processors 

* Newly-Released Business Software 

* Low-Cost Text Editing Typewriters 

* Modularized Computers 

THE LOW COST, dependability, simplicity of operation, and 
cost savings advantages of microcomputers will be discussed 
in a series of lectures to remove the many misconceptions the 
average businessman may have about the microcomputer 
technology. Lectures by such companies as IBM, Commodore 
Business Machines and Radio Shack will present the 
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^ ACCOUNTING 


DATE: MARCH 17, 
18, 19, 1978 

PLACE: PASADENA 
CONFERENCE 
CENTER 


PASADENA, CALIFORNIA 


businessman with the latest information about application, 
service and investment. 
Author Adam Osborne will discuss business software. 
OTHER LECTURES on the program include: 
* Small Business Computing Systems 
* Evaluating Your Business Computer Needs 
* Software Companies 
* The Mainframe Companies & The Small Computer 
* The Small Business Computer Company 
* Computer Stores and the Small Business System 
* Retail Mass Marketing of Microcomputers 


Sponsored by: INTERFACE AGE Magazine 


EXHIBITORS: PLACE YOUR RESERVATION NOW! | 


Produced & Managed by: 
Show Company International 
8687 Melrose Avenue 
Los Angeles, California 90069 
(213) 659-2050 

Ed Tavetian 
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690 
700 
730 
740 


Fan 


89) 
506 
520 


REM 


REM 


PEM 


REM 


REM 


The CREDIT process is very similar to 
the DEBIT process. 


e OAMQUST 
DAY, DESCI, ChAMT, 
SBACIES 


PRINT ON PRIN RR. 
PRINT ON PRINTER: 


КЕТСІН 


ДАР, 


The only remaining subroutines 19 be 


coded appear below: 


ENG TRANSACTION 


DET ENOAT ТРЕ 


RETURN 


ENDO OGP SHECE DIRE DEDUAULI SURROLT HT 


LET ENDAY, ENUTH, EMDGMG, ENDYR = CUI. 
ВЕТПЕН 

BEGIN MONTH PROCEDUIHI 
PRINT ON PRINT ЕТЕ 
LET RUMBAL - BALANC 
PRINT ON PRINT RUHBAL 
PRINT OW PRIN HORI 
PRINT ON PRINTR: SPACLS 
RETURN 

END MONTH PROCEDURE 
PRINT ON PRINTR:I BUNBAL 


RETORN 


The program is finished with the BEGIN 
PROGRAM and the END PROGRAM sub- 
routines, which are not developed here, 
and the replacing of the untagged GOSUBs 
coded before. The modules for which a 
GOSUB was generated should probably 
remain a part of the program even though 
they contain no code. They make main- 
tenance much easier, The entire working 
program with formatting and other embel- 
lishments appears in listing l. 


Conclusion 


The art ol programming has become 
a process which can be taught to anyone 


Listing 1: BASIC source listing for the checkbook balance report program. 
Басһ of the subroutines can be matched with one of the brackets іп the 
diagram of figure 1. 
should be left as they are to facilitate easy maintenance in the future, 


тий 
11% 
120 
120 
140 
159 
160 
170 
lao 
190 
210 
210 
230 
БЕШ 
КЕШ 
256 
260 
270 
2ED 


290 


300 F 


310 
320 


REM UHECEKEBO IE BALANCE ELpbUBRT 


REM 


REM 


REM 


REM 
REM 


REM 
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The individual modules thut do not contain any code 


PROLIKAM 


BEGIN 
GoSUBR 


YEAR (HYO 
"^OENDYRM - PALSE 
GOSH 280 
ІР EHDYH - FALSE 


THEN (ev 179 


END PROP AM 
SOSUR PP an 
END 


OW KORR X POR KE ee кала 


YEARLY PROCEDURE 


BUDGIN 


GOSUB £476 


YEAR 


Н (1,М) 
МОМО - FALSE 


who needs to use it, which ts something 
that we have not been able to accomplish 
until very recently, Admittedly, the teeh- 
nique for developing programs presented 
here is sometimes tedious and nol very 
creative, but it will get the job done. In the 
personal computer field alot of enthusiasts 
probably enjoy programming on the fly 
and spending all night debugging. Bul 
for those who don't, including myself, 
and wha aren't satisfied with just running 
someone else's canned programs, there is 
an alternative; As the pioneer in this 
methodology, Jean-Dominique Warnier, puts 
it: “If you don't have time to do it right, 
do you have time to do it over?” Real 
istically, one cannot say that this method- 
ology is the ultimate in software. process 
design or that it i» completely right, Tt is 
not, Something is sure to come along in the 
future that is better. But, for now, it fs 
certainly a large step in the right direction, 


Once 1 finished reading about the еше 
with which Warnier-Orr diagrams could 
be used | decided to take a sample flowchart 
and convert it into the Warnier-Orr form to 
see how much of a difference there actually 
was. | happened to be working on an article 
by Geoffrey Gass (entitled — "Starfleet"') 
which contained a large number of flow- 
charts. Choosing one at random | converted 
it. Figure 2 is the original flowchart. Fig- 
ure 3 is the converted diagram. | think 
the Warnier-Orr form is much eusier to reud 
and understand. 

When designing with flowcharts it is 
sometimes difficult not to cross fines or 
have а great deal of redundancy їп the pro- 
gram which makes it difficult to follow. 
All the arrows going ucross the paper are 
very distracting and hard to follow. The 
Warnier-Orr diagram does not have this 
disturbing problem. It is very easy to fol- 


low the program through the various 
subroutines. 
The Warnier-Orr diagram lends itself 


to structured program writing. If vou con- 
sider each of the separate brackets another 
subroutine it is very easy to write the pro- 
gram just as it stands from top to bottom. 
When we use conventional flowchart tech- 
niques we end up leaping about the program 
to perform statements that are at various 
parts of the same routine. In my opinion 
the Warnier-Orr diagram is a quantum fean 
in the direction of aid for structured pro- 
gram designers. 


Ray Cote 
Coop Editor 


Listing 1, continued: 1210 PRINT :' CHECKBALANCE REPORT! 


1220 PRINT :' FOR THE MONTH OF ':MONTH;YEAR 
330 IF ENDMO = FALSE THEN GOTO 320 1230 PRINT SPACES, ВАҺАМСЕ FORWARD OF ';BALANC 
340 1235 LET RUNBAL = BALANC 
350 REM END YEAR 1240 PRINT :'DAY CHECK# FOR DEBIT CREDIT BALANCE’ 
360 GOSUB 1390 1250 RETURN 
370 RETURN 1260 
380 1265 REM fA IIUIO ORION TORO ROO OX OR IER 
190 REM *****4454A4 А EKER RARER HERE КУКЕ RS 1270 REM END PROGRAM 
400 REM MONTHLY PROCEDURE 1280 
410 1290 CLOSE CHECKS 
420 REM BEGIN MONTH 1300 RETURN 
430 GOSUB 1210 1310 
440 1315 REM Re Ai ok o ee OR UR RO t e de ROO RO RC Re A d Ge 
450 REM DAYS (1,0) 1320 REM END MONTH 
460 LET ENDAY - FALSE 133n 
470 GOSUB 580 1340 PRINT :'CURRENT BALANCE ',RUNBAL 
480 IF ENDAY - FALSE THEN GOTO 470 1350 RETURN 
490 1360 
500 REM END MONTH 1365 НЕМ FER AAR ялла ER EE EER EERE REE EEE RANE 
510 GOSUB 1340 1370 REM END YEAR 
520 RETURN 1380 
530 1390 RETURN 
540 REM (JERS SERE SESE ESSE SESE SEE RE SRR RRR жақ 1400 
550 REM DAILY PROCEDURE 1405 REM яж EERE REAR REE ERASE EERE EERE ES 
560 1410 REM END DAY 
570 REM BEGIN DAY 1420 
580 GOSUB 1500 1430 RETURN 
590 1440 
600 REM TRANSACTIONS (1,T) 1445 REM *** d oko oe e de de deed dede e ek ee d e E E КА 
610 LET ENDTR = FALSE 1450 REM BEGIN YEAR 
620 GOSUB 720 1460 
630 IF ENDTR = FALSE THEN GOTO 620 1470 RETURN 
640 1480 
650 REM END DAY 1485 REM LZSSIIZEZZIZEZERRSASESSREZRSRISIESSSASERSIEZIAEI 
660 GOSUB 1430 1490 REM BEGIN DAY 
665 RETURN 1495 
670 1500 RETURN s 


680 REM &"S***** 44443 RRA RHR RRR RE AIO R RD 
690 REM TRANSACTIONS PROCEDURE 


700 

710 REM CREDIT (0, 1) OR DEBIT (0, 1) 

720 IF CDFLAG = DEBIT THEN GOSUB 800 ELSE GOSUB 890 

730 

740 REM END TRANSACTION РРА j ^w 

750 GOSUB 965 || my N ar 
760 RETURN ар E CY Cal 
770 о 

775 REM ГЕЗОХ ЕЕ TERETE 

780 REM DEBIT PROCEDURE а 
790 


800 LET RUNBAL = RUNBAL - AMOUNT 

810 PRINT :DAY;CHKNUM;DESC1;' ! ; AMOUNT; RUNBAL 

820 IF DESC2 4 ' ' THEN PRINT :SPACES;DESC2 O 

830 PRINT :SPACES 

840 RETURN MAKE YOUR COMPUTER PRODUCTIVE 
850 

860 REM «яалаа RH HERRERA RARE AEE EAR RR WITH SOFTWARE WRITTEN 
870 REM CREDIT PROCEDURE 

880 

890 LET RUNBAL = RUNBAL + AMOUNT IN NORTHSTAR BASIC 
900 PRINT :DAY' *;DESC1;AMOUNT; * ' 4RUNBAL 

910 PRINT :SPACES 

920 RETURN 

930 REM General Ledger 

Sun at Eco e. HL отии and Statements $75 

960 REM Mailing Labels $50 

355 LET OLDDAY ВАЗ REM Federal Income Tax $200, 
970 INPUT FROM CHECKS:DAY,CHKNUM,CDFLAG,DESCI,DESC2,AMQUNT Ta $ 0 ы 
980 ОМ ENDFILE CHECKS GOSUB 1030 Schedule A and B 

985 IF OLDDAY # DAY THEN LET ENDAY = TRUE And More to Come. 

990 RETURN IPAE 

1000 REM System Descriptions $2 each 
1010 REM IIIITITITIITITTIIITIITIIIIZPRIZSRZRERSEEZESERI 

1020 REM END OF FILE { 

1025 REM System supplied on Diskette 
1030 LET ENDAY, ENDMO, ENDTR, ENDYR = TRUE 


with Program Documentation 
1050 and Operating Manual 


1060 REM 255352255552 25525555254 АДА 4 44.84 


1070 REM BEGIN PROGRAM PROCEDURE 


1040 RETURN 


1080 RUN Benson & Costello 
1090 OPEN 'CHECKS',SYMBOLIC,INPUT:CHECKS 
1100 STRING SPACES, CDFLAG, DESCl, DESC2, MONTH 29-02 23 Avenue 
1120 doge pur Astoria, New York 11105 
Y ы jE = 
1130 LET FALSE = 1 212-932-3316 
1140 LET SPACES - ' 
1150 INPUT FROM CHECKS: DAY, CHKNUM, CDFLAG, DESC1, DESC2, Additi | 
itional programs now in progress -- 
AMOUNT, BALANC, & MONTH, YEAR É = 4 
1160 RETURN А please write for further information. 
1170 
1180 REM WER SS SOSESSC OCCA SASS SELES ВЕБ RRS SSS АЖ e 
1190 REM BEGIN MONTH 
1200 
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Continued from page 36 


erally seek to learn all they can con- 
cerning the field. They might look for 
news of the latest accomplishments, so 
that they may avoid pointless repetition 
of discoveries and innovations already 
made. 

| too would like to make a robot 
move, and recognize patterns, and play 
with blocks. With the knowledge that | 
am not equipped for such an endeavor, 
| am highly pleased to learn of the 
accomplishments of others. 

In another light, many people seem 
to be missing the true meaning of artifi- 
cial intelligence. Richard Rosenbaum, in 
the April 1977 BYTE, declares that 
artificial intelligence is simply “the 


PROGRAMMING THE 
6800 MICROPROCESSOR 


ALPHA Z-80 $ 495 


ASSEMBLED 


12 SLOT MOTHER BOARD 

12 CONNECTORS (S-100 BUS) 

17 AMP POWER SUPPLY 

HEAVY DUTY CABINET WITH FAN 


Z-80 CPU BOARD: All Sockets Included, Gold Con- 
tact Fingers, High Ouality Glass Epoxy PC Board, 


Double-Sided, Plated Through Holes, Requires Only 


* 8 VDC / 800 MA. 


NOTE: 22 SLOTS/30 AMP POWER SUPPLY - $595. 
ADS also sells IMSAI and NORTH STAR Assembled at Kit Prices + LEAR 


SIEGLER ADM 3A Assembled at $888.00. 


TERMS: Cash with Order. 


Prices include Freight. (N.C. Residents add 4% Sales Tax.) 


ADS 
D 


substitution of a computer (artificial 
mechanism) for what are ordinarily 
human tasks (generally assumed to 
require intelligence).” | must disagree. 

The problem comes іп defining 
intelligence, 

In having the computer perform 
simple operations, such as the four 
operations of arithmetic, are we not sub- 
stituting a computer for a human task? 
15 this artificial intelligence? It is rather 
simulated intelligence. The computer 
appears to be operating like a human 
mind. However, the computer employs 
a sequence of "mechanical" operations 
to arrive at a solution to the arithmetic 
problem. The human mind makes use of 
previously compiled knowledge, re- 
organizing it. The computer generates 


ALPHA DIGITAL SYSTEMS 


Data Acquisition, Computation and Contral 


ROUTE 4 BOX 171A 


BOONE, NORTH CAROLINA 28607 


new data. 

With consideration, one realizes that 
most human mental functions are based 
upon the manipulation of stored infor- 
mation, As data is received through the 
sensory systems, it is placed in the mind 
in the order perceived. As comparisons 
are made the information is copied Into 
other areas of the brain. Associated 
images are stored together. Collections 
of data are called out again when the 
senses receive a piece of information 
common to the group. Mental structures 
grow and are enhanced constantly; so 
grows the mind from the moment of 
birth to the instant of death. 

Obviously, present day experimenters' 
computers do not have the capacity to 
handle information on the same scale 


— More than a text, this self-instructional workbook is 


like a personal tutor, available anytime, anywhere. 
— Starts right at the beginning, with binary numbers, 
and works up to interrupt, with [ots of programmed 


input/ouput in between. 


— Bob Southern — 


А self-instructional workbook 


for assembly language and machine code 


programming of the 6800 family 
of microprocessors and peripherals. 


— Already tested with class-sized groups. 
— Includes complete listings of running programs. 


SEND ONLY $6.75 — U.S. Funds for U.S. delivery 


— Canadian Funds for delivery in 
Canada. 
Postage is included in the above price. 


— Binary and Hex Numbers 

— Accumulator Operations 

— Index Register 

— Branching - Symbolic and Machine Code 
— ACIA 

— PIA 

— Subroutines 

— Interrupt and Stack Operations 


DISTRIBUTED BY 
ALGONQUIN COLLEGE BOOKSTORES 
1385 Woodroffe Ave. 
Ottawa, Ontario 
Canada K2G 1V8 
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as the human mind, However, all animal 
minds seem to function in essentially the 
same manner. Às a matter of observa- 
tion, emotional capacity and intelligence 
seem to have a direct relationship to the 
physical size of a particular species’ 
brain. It may be possible to synthesize 
the mental functions of less intelligent 
animals; insects, rodents, primates, One 
might even consider synthesizing the 
infant human mind. While we may not 
actually create complete minds, it is 
passible to develop the basic foundations 
of self evolving intelligence. 

Innovations іп cybernetics аге 
making it possible to give the computer 
necessary perceptual input. Vocal input 
and output devices and digital "eyes" 
are making it possible for the computer 
to hear, see, and stimulate its environ- 
ment in order to obtain new information. 

| would like very much to communi- 
cate with anyone interested In the study 
of artificial intelligence. Perhaps by 
coordination of efforts we can make 
more rapid progress. 


Scott Jarol 
3401 E Shaw Butte Dr 
Phoenix AZ 85028 


MORE MUSINGS ON AL'S WHYS 


| have been reading with some inter- 
est the ongoing discussion in ‘'Ask 
BYTE" of the relative merits of artificial 
intelligence and robots. | feel however 
that all sides have missed the centrai 
question which is: what effect can we 
reasonably expect the microcomputer 
or, for that matter, any new tool or 
technique to have on the quality of 
human life? 

On one extreme is the possibility that 
the great increase in productivity for the 
average worker which will result from 
use of microcomputers will allow us to 
enjoy a significantiy better standard of 
living than would be otherwise possible. 
At the other extreme is the probability 
that this same increase in productivity 
will enable us to support the ever 
increasing masses of humanity, which are 
already almost beyond imagining, with- 
out measurable benefit to ourselves. 

The central question, stated in its 
simplest form, is an old one. Who do 
you feed first, your family or someone 
else's? 

As for artificial intelligence, the raw 
materials (a monolithic central processor 
and monolithic mass memory) are 
already available and the incentives 
become stronger daily as human workers 
price themselves out of the market. My 
only hope 15 that the robots we develop 
will be offspring we can be proud of. 


Mark Williamsen 
607 Barton Ау 
Evanston IL 60202 


GETTING UV BULBS 
The article on the “Coffee Can 


Special" (January 1977 BYTE, page 91) 
by Lawrence Burbey Jr failed to men- 


tion the type of lamp to use. 

We built a similar device months ago 
and after much difficulty we found the 
GE#G 4511 lamp was cheap, worked 
well and was relatively easy to obtain. 


Stephen Pumple 

The Computer Place 

186 Queen St W 

Toronto CANADA М5У 121 


D1 or D2? 


Your response to Paul E Pennington 
in the September 1977 BYTE /page 
178) contains an error, The Motorola 
MEK6800D1 does contain the MIKBUG 
monitor. The Motorola MEK6800D2 
contains the JBUG monitor. | am sure of 
this since | possess both units, 


] € Hausler 
67 Fisher Rd 
Rochester NY 14624 


A NORTH GERMAN 
COMPUTER CLUB? 


Cail for interested individuals іп 
(northern) Germany to form a hobbyist 
computer club. Please contact Ша 
Burkoff, Parkallee 105, D-28 Bremen. 
Tel: (0421) 347179. 

Since your magazine is being read 
internationally, could you coax your 
advertisers into leaking the names 
and addresses of foreign dealers and 
distributors in their ads? 


Ша Burkoff 

Management Consultant 
Parkellee 105 

B-28 Bremen W GERMANY 


TYPEBALLS 


Іп the October 1977 BYTE (page 12) 
you seem to be answering a question 
that reader Rob Loring really wasn't 
asking. If | read his letler correctly, he 
was asking where he could buy a Selec- 
tric typeball with both human readable 
characters and also machine readable 
bar codes. Nowhere did he say he 
wanted to design one, he just wanted 
to buy one. ІВМ sells at least two such 
typeballs for the quite reasonable price 
of $24 each. Both һауе upper and lower 
case plus numerals and special char- 
acters. If neither of these will do the job, 
there are at least three others available, 
at $32 each, from the Datatype Corpor- 
ation, 1050, М W i63rd Or, Miami FL 
33169, (305) 625-8451. There is cer- 
tainly no need whatever to reInvent the 
wheel, or the typeball. 


Jim Day 
17042 Gunther St 
Granada Hills CA 91344 


The balls IBM and Datatype sell are 
optically encoded, yes, but not in the 
format of the bar codes used іп our 
PaperbyteT M software representations. 
The availability of the !BM optically 
scannable fonts was brought home to 


Your 
indispensible 
reference 

for selecting, 
designing, testing... 


MICROPROCESSORS 
AND MICROCOMPUTER 
SYSTEMS 


By G. V. Rao 
AMECOM Division, Litton Systems Inc. 


Now you can have a thorcughly up-to-date 
guide to the state of the art in microproc- 
essors and microcomputers—written by 
one of the nation's leading experts. Turn 
to this compact, explicit volume for expert 
coverage of presently available hardware 
and software. Subjects of special interest 
include the use of silicon in microcompu- 
ter technology . , . organization of low-cost 
microcomputer systems... MNOS memory 
.., charge-coupled devices... and an ex- 
tensive treatment of data communications. 
Time-saving reference tables enable you 
to quickly choose a specific chip for a de- 
sired application, Scores of illustration 
make every subject easy to understand and 
apply by novice and specialist alike. 
$24.95, 288 pages, 120 illus. 


7625 Empire Drive 


à | 
ne] Van Nostrand Reinhold | 
Florence, Kentucky 41042 | 
Send me a free-trial copy of Microprocessors | 
and Microcomputer Systems. After 15 days 1 
will remil $24.95 plus postage and handling, | 
or return the book and owe nothing. Offer 
good in U.S. only, and subject to credit de- | 
partment approval. Payment must accompany | 
orders lo Р,О, box addresses. | 
1 


Address 
City 
State Zip 


L] SAVE! Check here if enclosing payment 
wilh order and publisher pays postage and 
handling. Same 15-day return-refund guar- 
anteed. Be sure to add local sales tax. 

D-442-22000-6 B 7301 
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Discover New Ways 
To Solve Problems 
And Play Games... 


PERSONAL 
COMPUTING 


Learn more about personal computing at a 
full-day Saturday ТЕЕЕ Computer Society 
Instructional Workshop in a city near you: 
Jan 7 Denver Mar 25 Toronto 
Jan 14 Seattle Apr. 1 Boston 
Jan. Albuquerque Арг 8 New York 
Jan Salt Lake City Арг. 15 Atlanta 
Feb. New Orleans Арг. 22 Cincinnati 
Feb Detroit Apr.29 Los Angeles 
Feb. San Juan May 6 Kansas City 
Feb. Pittsburgh May 13 Dallas 
Mar. Milwaukee May 20 Toledo 
Ма Vancouver Мау 27 San Francisco 
Mar Philadeiphia 


The Instructional Workshop features an in- 
depth, comprehensive survey and analysis 
by one or more IEEE Computer Society 
lecturers, a manufacturer-independent 
experienced practitioner in microcomputer 
design: 


* lectures on microcomputer 
hardware and software 
* comparisons and evaluations of 
microprocessors, and systems 
such as ALTAIR. IMSAI, Heath 
Sol, etc. 
* discussions on reliability, avail- 
ability, serviceability 
* "hands on" experience with 
class microcomputers 
* “how to” applications workshop 
- designing a TV game 
- design of a music synthesizer 
- design of a hame control 
system (lights, TV, etc.) 
- hawto profit from your 
microcomputer designs 


1978 Spring Workshop 
Registration Form 


* IEEE COMPUTER SOCIETY 


To register, fill out and return the coupon below 
wilh a Stamped, sell addressed envelope and the 
tulion lee at least two weeks before the meeting. 
The tuition fee includes course text, manuals 
and other hand-out materials. 


Students with ID.. 222222... o $25 
IEEE Members... 0.00. oss .. $60 
$85 


Membership Number ____ 
Name 

Address 
City/State/Zip 
My payment for 5 


is enclosed 
L am registering for Workshop Date 


on at 
Mail To: 


IEEE Computer Society 
71 North Moger Avenue 
Mount Kisco, New York 10549 


For further information: 


Call Cary Ringel (201) 488-1200 
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me when | ordered а couple of new 
balis for my Selectric fram the IBM 
office products sales brochure, Aside 
from | optica! character recognition 
(OCR) compatible fonts, ІВМ offers а 
font with a unit bur code printed below 
each letter.. CH. 


MORE ABOUT -ILLION 


The origin of billion, according to 
the Concise Oxford Dictionary, is 
“French, coined in the 16th century out 
of bi- & million ro denole the second 
power of a million; meaning afterwards 
changed in France [so US) but not in 
Englaad.'' 

Great Britain and Germany know a 
"thousand million" as a "milliard." But 
why slop there? Both the UK and the 
US have a simple scheme tor higher 
powers of 1000 using Latin Numeral 
Prefixes (LNP} as follows: 


UK LNP-ullion = Imion] LSP 
US — LNP.llian - Hihonsand! x Lthousand] LNP 


and so 
UK us 

108 million тал Megu 
109 ШШДЕ Ш [ИД Giga 
1012 bibon tehon Tera 
1015 Thousanc Шр guadnlh or 
101 Trillion quintdhan 
1021 thowsaced теат зех рп 
1034 quadrillion ерту 

and so on 


The decimal point is wrilten raised 
(79) in England, rather than as a period, 
and is pronounced! point seven nine, nol 
point seven T nine. Where the UK and 
the US use a comma, most of Europe 
uses a space. No doubt a literal trans- 
lation of our "floating point" is as 
amusing to the Germans as the literal 
translation of their "showing comma” 
is to us. 


Michael J Cook 
1658 S Stelling 
Cupertino CA 95014 


TWO TIPS FROM TEXAS 


To answer part of Jan Kok's question 
in the September 1977 BYTE (page 
179). According to the Oxford Englislr 
Dictionary, billion was created. in the 
l6th century as the second power of 
million: 


1962 = 1012 


Similarly trillion. was the third power 
and quadrillion the fourth. (May I specu- 
late that the need arose from inilation 
and expansion?) The OED also stated 
that French arithmeiicians changed the 
usage af the words (presumably in the 
development of the metric system) to 
indicate the number of thousands rather 
than millions. American usage probably 
arose when we adopted the metric sys- 
tem for money, though we never got 
around to adopting {until now) the rest 
af the system. 

1 can not find a specific reference to 
the European usage of the comma where 
we use the point, but | wouldn't be sur- 


prised to learn it was adopted by the 
French with the metric system, partly 
to be different and partly based on 
different use of punctuation in French. 

| would also like to suggest an answer 
to Ira Rampil's request for an alternative 
cutting device for Slit-N-Wrap. | usc à 
pair ol small blunt nosed scissors 
{Revlon 2051) which are sold for clip- 
ping hairs from ears and noses without 
damage. The broadened ends mean the 
tips are stiff, and do not twist around 
the wire and will not scrape the circuit 
board. 


Mike Firth 
104 N St Mary 
Dallas TX 75214 


SR-52 AND PR-100 EXPERIMENTS 


Webb Simmons in September 1977 
BYTE (page 176) discovered that the 
Texas Instruments SR-51 calculaior can 
be coupled to a PR-100A to provide 
printout capability, 1 have obtained 
similar results when ! used my SR-51A. 
Unhappily, a more recent version of 
the SR-51, (the SR-51-11), cannot һе 
connected to the PC-100A because of 
a redesign of the battery compartment. 
Although the SR-50A has a print cradle 
connector similar to the 5-5 1, and fits 
on the printer, apparently it is nol 
preprogrammed for printout. 

Incidentally, the "other" posiLion 
of the PC-100A 3-position switch is for 
the new ТІ-58 and ТІ-59 programmable 
calculators, 


Ralph Mednick 
6 Hopkins Rd 
Peabody MA 01960 


SR.52 AND PR-100 EXPERIMENTS, 
CONTINUED 


| read with interest the letter from 
Webb Simmons in the September 1977 
BYTE (page 176) concerning use of the 
Texas Instruments SR-51 with the PC- 
100A printer. | connected my SR-31 
to the printer after selecting the SR-52 
mode as Webb indicated. The print mode 
worked fine but | never could get the 
trace mode to work. Every time | 
selected the trace mode | got a "1" 
and a "?'" on my printout. The trace 
mode works fine with my TI 59 cal- 
culator so | know there is nothing 
wrong with the printer. Perhaps all 
SR-51s are not the same. | would be 
interested to hear what luck other 
readers have had with this experiment. 


Carl Oehimann 
9048 Posada Way 
Sacramento CA 95826 


MORE ON SR-51 AND PC-100A 
COMBOS 


| wish to thank vou and Webb 
Simmons (September 1977 BYTE, 
page 176) for the note, “More Hidden 
Gold: PC-100A Operates with SR-51." 


Іп fact, the Texas 
PC-100A also works perfectly well with 
the SR-51A hand calculator in exactly 
the same way as does the SR-51. 

However, the 5-51-11 does not have 
the 12 pad connector strip, so that it 
is not possible to obtain hard copy from 
a PC-100A and 58-51-11 combination. 
This development seems to make used 
(but in good condition) SR-51 and 
SR-51A mode! calculators desirable 
items. 

One must also note that the new 
Hewlett-Packard HP-10 seems to be 
designed to fill the same needs as an 
SR-51 and PC-100A combination. 

Around our laboratory there are 
four SR-51As and one SR-51; the 
proud owners of these calculators now 
want some PC-100As. (They will prob- 
ably pool resources to get one.) 

| wonder, however, if the SR-50 
and SR-40 were also designed to fit a 
PC-100A? 


Philip S Barker 

59 Acadia Bay 

Winnipeg, Manitoba R3T 3J1 
CANADA 


SIMULATING ONESELF? 


| just received the October 1977 issue 
of BYTE, and | was reading an article by 
Mr Chung entitled "An 8080 Simulator” 
(page 70). It is on this article that ! wish 
to comment. 

While there are clearly usefui applica- 
tions for simulators that allow the execu- 
tion (or interpretation) of assembly (or 
even machine) language programs of 
some machine on a different machine, 
И escapes me why one would want to 
emulate one machine's instruction set 
on itself. An apparent exception is the 
tester and debugger presented in the 
article, It appears that by interpreting 
each instruction individually it is pos- 
sible to discontinue execution of the pro- 
gram at any point, called a breakpoint. 
À break may occur because the user 
wished to discontinue execution when 
certain conditions were satisfied, ог 
even each time execution passed some 
address in the program. Both are 
obviously extremely useful when de- 
bugging. Upon detecting a break, the 
debugger presumably could enter a com- 
mand mode where the user could 
examine and change memory locations 
and registers. Eventually execution could 
be resumed through some command, at 
which point the debugger would start 
interpreting the instructions again, 
watching for breakpoints. All very use- 
ful, but very slow. Each instruction is 
interpreted by the debugger, and con- 
sequently the debugged program's execu- 
Поп time might well be increased by 
several orders of magnitude. 

| would like to propose a much more 
efficient method for implementing the 
same facility. Readers familiar with the 
DECsystem-10 debugger DDT will 
recognize the technique 1 am about to 
present. It hinges on the following 
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Boards DO Something 


CL2400 
Real Time Clock 


systems, inc. 


$98—Kit $135—Assembled 
If your system needs to know what lime it is, our CL2400 is 
the board for you. The present time in hours, minutes. and 
seconds is always available for input, and is continuously 
updated by the highly accurate 60 Hz power line frequency. 
Need periodic interrupts? The CL2400 can do that, too, at any 
of 6 rates. Reference manual with BASIC and assembly 
language software examples included. 


PC3200 
Power Contro! System 


PC3232 $299—Kit 
PC3216 $189—Kit 
PC3202 $39.50—Kit 


$360—Assm. 
$240—Assm. 
$52—Assm. 


If your system needs on/off control of lights, motors, 
appliances, etc., our PC3200 System components are for 
you. Control boards allow опе 1/0 port to control 32 (PC3232) 
or 18 (PC3216) external Power Control Units, such as the 
PC3202 which controls 120 VAC loads to 400 Watts. Optically 
isolated, low voltage, current-limited control lines are 
standard in this growing product line. 


P.0. Box 516 
La Canada, CA 91011 
(213) 790-7957 


systems, inc. 
(formerly comptek) 
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Get the best in 
Business Data 
Processing Systems 


Accounting, Inventory, General Ledger, 
Timesharing Applications 


Also a complete line of personal computers 
and peripherals, including: 
е IMSAI * Polymorphic 


е Digital Group * DTC 
* Compucolor * North Star 


* Books/Magazines 


HARDWARE/SOFTWARE SUPPORT 
Our experienced staff is ready to help you 
configure the best system to suit your needs 


B THE COMPUTER POOMI 


A company of Business Solutions, Inc. 


124 H Blossom Hill Road е San Jose, СА 95123 
(408) 226-8383 


ORANGE COUNTY'S 


Most Convenient 
& MostAffordable 


Computer Store 


WE OFFER A COMPLETE LINE OF MICROCOMPUTERS, 
PERIPHERALS AND ACCESSORIES 
IMSAI SEALS PRINTERS 
СНОМЕМСО HAZEL TINE HOOKS 
BYTE B SOROC MAGAZINES 


VISIT OUR STORE AND SEE THE 
LATEST IN AFFORDABLE COMPUTERS 


BEFOR(G, 


wee БА 


674 EL CAMINO REAL 
EL CAMINO PLAZA 
TUSTIN, CA 92680 


PHONE /2/4/737-7096 
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simple concept: Replace the instruction 
in the breakpoint address with a sub- 
routine call instruction. (| am not 
familiar with the 8080 instruction set 
so | am not able to give a particular 
instruction, although | do not doubl 
that one exists.) This call would be to 
a routine in the debugger! The rest is 
easy. The routine saves ihe program 
registers, restores debugger registers 
(saved earlier) and dispatches to the 
Command interpreter routine. This rou- 
tine must be clever in two respects: 
lirst, if the user attempts to examine a 
breakpointed location, this must be 
detected. This is so that the original 
instruction may be displayed. Of course 
the breakpointed location will still con- 
tain the "сай" instruction, which is not 
what the user wants to see. (By the same 
token, if he wants to modify the break- 
pointed location, we must modify the 
saved breakpoint instruction [in a break- 
point instruction table somewhere], not 
the actual instruction іп the break- 
pointed location, which af course will 
hold the "call" that caused the break- 
point to begin with.) Secondly, when 
the user resumes the execution of the 
program, the debugger must first 
(individualiy) execute the saved break. 
point instruction (remember to first 
restore registers) before returning to the 
main code. 

W my presentation was lucid, it 
should be clear that this technique 
is quite a lot mare efficient than 
Mr Chung's method of interpreting each 
instruction. It will execute the program 
at processor speed, up to the breakpoint. 

І read your journal with great interest 
and enjoy it immensely. | hope that this 
contribution will be of use ta your 
readers and add to the excellence of 
BYTE. 


Ralph Salas 
29C Wycoma Way 
Waltham MA 02154 


Use or the S080 simutatar is un 
excellent way to trace the operations 
of d program, in d mode which depends 
on human responses rather thun on 
ubsolute speed. ft is thus not cleur that 
the floating breakpoint technique would 
he the best method ta employ. (4 coin 
the term “floating breakpoint’ to de- 
scribe the uct of setting и breakpoint, 
then restoring original code at the breuk- 
point while inserting a new breakpoint 
after the next instruction in sequence. 
An article by Robert Grappel and fuck 
Hemenway іп the December 1977 BYTE 
(see ‘Yuck And The Machine Debug" 
page 91) goes into the generul design oF 
such a flouting breakpoint method of 
single step execution. and tracing. 
Where tracing or debugging of read oniy 
memory software is involved, the simu- 
futor technique is the only. ane which 
will werk, since oredhpoints cun nor be 
set in read өлім memory. 


іп а recent phone сай, Chuck Adams 
at Texas A & M University reported 
that the 8080 simulator by Kin-man 
Chung proved ап excellent tool in the 
understanding of some atherwise un- 
documented software he was looking 
ot. 


COMMENTS ON WALSH FUNCTIONS 


It was interesting to see the article 
on Walsh functions by B F Јасобу 
appearing in your September 1977 issue 
(page 190). The application of Walsh 
functions was a very active field about 
five years ago, but interest has dropped 
off since then mainly because advances 
in digital circuits have made it possible 
to use digital circuits in the Fourier 
domain. However, it is still very useful 
for designers to know about Walsh func- 
tions because they offer excellent solu- 
tions to many design problems. іп the 
past couple of years we have seen several 
waveshaping circuits that actually used 
Walsh functions although the designers 
apparently had developed the circuits by 
trial and error. The material in your 
article would have led them quickly to 
the solution. 

The mention of my own work apply- 
ing Walsh functions to electronic music 
synthesis has brought in several Inquiries. 
The use of Walsh functions for this pur- 
pose was first suggested to me by 
Dr Carl Frederick in 1972. A summary 
of my work can be found in Journal of 
the Audio Engineering Society, volume 
21, number 8 (October 1973), and in 
volume 23, number 7 (September 
1975), as well as in our own £/ectronotes 
publications. At about the same time, 
Hal Chamberlin was doing a comparative 
study of Walsh and Fourier synthesis 
and we published this report. To my 
knowledge, there are probably only a 
few music synthesis projects using Walsh 
functions still under investigation, 
although quite a few are still in use. 

Any reader looking for more infor- 
mation on Walsh functions can find 
additional references listed in my papers 
mentioned above, or they may write 
to us for any special needs since we have 
lists containing hundreds of references. 


Bernie Hutchins, editor 
Electronotes 

1 Pleasant Ln 

Ithaca NY 14850 


Walsh functions are far from dead, 
however. For example, the IEEE Trans- 
actions on Computers has а table of 
contents category “Walsh Transforms” 
which is represented by one paper in 
the August 1977 issue (volume C-26, 
number 8). For electronic music, how- 
ever, the need of weighted resistors 
makes them more complicated as а 
design element than a number of simpler 
techniques. т 


Circle 98 on inquiry card. 


BUY, SELL OR TRADE 


YOUR NEW OR USED HARDWARE, SOFTWARE 
OR LITERATURE THROUGH OUR NATIONWIDE 
SMALL COMPUTER SYSTEMS DATA BASE 


Enter any item you wish to buy, sell or trade in our Small 
Computer Systems Data Base. We will process your 
entry against all others in our data base and mail you a 
printout of all matching entries. You then contact the 
correspondents listed in those entries to effect your buy, 
sell or trade. Your entry will remain active in our data 
base for three months. АП incoming entries will be pro- 
cessed against your item and your entry will be mailed 
to all those that match. Thus you are assured of a wide 
coverage for your buy. sell or trade. 


The cost of your first entry is $4.00, each additional item 
Submitted at the same time is $2.00. Send the entry form 
below together with your check to: 


THE SMRLL COMPUTER SYSTEMS CO. 
P.O. Box 4344, Warren, New Jersey 07060 


O BUY О SELL О TRADE 

D HARDWARE OF SOFTWARE O LITERATURE 
Name 
Street 


City... State. 
Telephone (include Area Code) ___ SSS 
Attach description of item (approximately 50 words). 


Zip. —— — —— 


MICRODESIGN 


| microcomputer products 


кенет 2708 
8K à; TMS 2716 
16K EPROM/RAM 


VERSATILITY 9 Individual Addressing е Shadow alternates ROM with RAM • External 
RAM disable * Optional IK on-board RAM » $100 compatible « Power-on jump or 
bootstrap capability • All sockets included 

MR 8 KIT 


MR 16 T KIT 
EPROM (shown) nol included 


FIRMWARE * 2K Monilor/Ulility e Supports Tarbell cassette, paper tape • Now 
available for SIO, MIO, 3P +5, 502 


(мо 2708 type EPROMS) 
(one TMS 2716 EPROM) 


EPROMS • Prime, {ull specification е programming available 


2708 type . 1024 x8 
TMS 2716 2048 x 8 


MICRODESIGN 
679-I S. State College Blvd., Fullerton CA 92631 
714-738-8080 
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BYTE SHOP EAST 


) GRAND OPENING | 


Come to the Grand Opening of our new Byte Shop 
East, Inc. at: 


130 East 40th St. 
(Corner of Lexington Ave.) 
New York, NY 10016 

(212) 889-4204 


11-7 Tuesday through Friday 
10-5 Saturday 
Closed Sunday, Monday 


We specialize in Small Business applications and Educa- 
tional Packages that use personal computers. Come and 
sea our complete line! 


NOTE: Our store in Levittown is stil! going strong. Come 
Visit us at: 


27-21 Hempstead Turnpike 
Levittown, Long Island 
(516) 731-8116 

Two blocks east of Wantagh Pkwy. 


12-9 Tuesday through Friday 
10-5 Saturday 
Closed Sunday, Monday 


16K Static RAM 


250 nsec fast 
State of the art TMS 4044-25 
Fully static е No clocks е No refresh е No wait 


* IMSAI/ALTAIR/POLY 88/SOL 20 
5-100 bus compatible, requires 8V only. 
* COMMERCIAL QUALITY COMPONENTS 
: First quality factory parts, fully socketed, buffered. 
е VERSATILE Each 4k addressable to any 4k slot, 
on-board memory protect, RAM disable. 


FULLY ASSEMBLED, TESTED $375 
KITS AVAILABLE AT $355 


Delivery: Stockto4 weeks. Phoneorders weicome Post Paid 
Washington residents add 5.4% sales tax 


Enter my order for Г] Assembled and Tested $375 
О Kit $355 
(Add 4% for charge cards.) 


Name 

Address sé Phone 
City State Zip 

Payment Enclosed: О Check О Money Order 

O visa (0 Master Charge Exp. Date 

Card Number 4-Digit No. Over Name —— 
Signature 


Seattle Computer Products, Inc. 
16611-111th S.E., Renton, WA 98055 (206) 255-0750 


Circle 97 on inquiry card. 


Book Reviews 


Practical Microcomputer Programming: the 
Intel 8080 by W J Weller, A V Shatzel and 
H Y Nice, Northern Technology Books, 
1976, $23.95. 


This is the first text on 8080 assembler 
programming which | have run across, and 
as such is a welcome supplement to (or 
replacement for) previous books on the 
subject. The new book is an introduction 
to 8080 assembler written for beginners; 
beginners here meaning those who do not 
know any assembler language. The book 
would be very hard going for someone who 
did not know BASIC, FORTRAN, or some 
other higher level language; the authors 
assume familiarity with loops, subroutines 
and programming in general. Most of the 
sample programs in the book could be used 
on any 8080 machine; some of the IO and 
interrupt sections are machine dependent. 
The authors use an Altair and a minicom- 
puter based cross assembler. 

The first three chapters introduce binary 
arithmetic, logical operations and the basic 
structure of the computer. This section 
concludes with an introduction to the con- 
cept of programming and what an assembler 
does, The next few chapters concentrate on 
the most common tasks faced by the pro- 
grammer: moving data, memory addressing 
modes, binary arithmetic and logical oper- 
ations. The third logical segment (CSECT?) 
concerns the use of the stack, of sub- 
routines, and of tables and arrays. Next the 
authors describe and illustrate simple and 
complex 10, conversion between binary 
and other ways of representing data 
(decimal, BCD, hexadecimal, ASCII), and 
graphical representation. The latter is con- 
tained in the complex 10 chapter where a 
dot matrix printer is made to print in the 
Russian alphabet using “RUSKII" (Russian 
Unified Standard Key for Information 
Interchange, an invention of the authors). 
Decimal arithmetic and digital to analog 
conversions are then taken up, and the 
final two chapters proper are devoted to 
interrupts, There is a final chapter on 
debugging, and then appendices which 
give source and object code for the de- 
bugger, a loader, the cross assembler, and 
a table used to produce the Russian alpha- 
bet. 

Generally | found the book excellent. | 
was only able to find a couple of relatively 
trivial typos (on page 153 RAR should be 
RAL, and on page 182 OSVCE should be 


С5УСЕ), and the illustrations were very 
good. | would have liked to have seen a 
section on floating point arithmetic, and it 
would have helped to give a table of the 
instruction set somewhere, but the authors 
must presume this is available elsewhere. 


John A Lehman 
716 Hutchins #2 
Ann Arbor МІ 481038 


APL Ап Interactive Approach, second 
edition, by Leonard Gilman and Allen Rose, 
John Wiley & Sons, Inc, New York, 1974, 
384 pp, $11.95 (paperback). 


An important element in the title of this 
book is "interactive." APL, A Programming 
Language, is indeed interactive. Throughout 
the book this feature is not only accented; 
it is capitalized upon. One does not merely 
read the book. A budding APL programmer 
can either interact with an APL workspace 
that has been preprogrammed to track the 
book or, when this is not practical, he or 
she can interact with the computer surrogate 
found interwoven into the text in the form 
of a listing which includes both human input 
and computer response. 

APL An Interactive Approach gives an 
understandable presentation of APL oper- 
ators {also called APL. functions), user pro- 
grams (called defined functions), workspace 
management, and information which can 
best be described as "'advanced topics." 
Although these "advanced topics" might 
not be implemented on home microcom- 
puter APL systems of the near future, the 
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SPEECH CREATED 


dod [ESSO IEH 
M188 voice generator ; 
for S-100 bus computers @ 


inr -3 


VOICE RESPONSE ENHANCES GROWING APPLICATIONS OF S-100 BUS COMPUTERS 
fo SMALL BUSINESS SYSTEMS, PROCESS CONTROL. AND AUTOMATIC TEST 


+ М1В8 is a low data rate voice generator — 120 byles per second al speech tram com- 
puter memory or on-board EPROMs 


* M188 comes with 64-word cassette vocabulary Load it into memory and a simple 
program lets you speak words and phrases 


* Large available vocabularies are derived from computer analysis of real speech, pre- 
serving outstanding clarity and naturalness compared to other methods о! low data 
rate synthesis 

* With vectored interrupt many M188's share common vocabulary data, and Ihere 5 
negligible slowing of computer operations or Interlerence with high-speed peripherals 


OTHER MODELS / PRICES / TECHNICAL INFORMATION — CONTACT: 


631 WILSHIRE BLVD.. SANTA MONICA, СА 90401 


ЕЕ; SPEECH TECHNOLOGY CORPORATION 
(213) 393-0101 


HEAR IT AT MIDWEST DIGITAL EQUIPMENT EXHIBIT MINNEAPOLIS FEBRUARY 15TH A 16TH 


DUILD YOUR OWN 
VID€O TERMINAL FOR 
$05 "PLUS"* 


€ Serial ASCI or BAUDOT € 16 lines X 64 characters 


€ Full X-Y Cursor control e S100 Compatability 
@ 128 Characters, including @ No Supporting Software 
upper and lower case required 


* The SCT-100 Single Card Terminal interfaces directly to any 
computer or modem having serial ASCH or BAUDOT capability. 
It requires only the addition of a standard ASCII keyboard, and в 
TV monitor. It is available as a partial kit for $95.00 ineluding 
the PC board, character generator ROM, and the 3870 miero- 
computer. The complete SCT-100 kit is $155.00 ($185.00 
prewired & tested). 

To order, call or write today. MC, BAC Accepted. 


XITEX CORP. P.O. Box #20887, Dallas, Texas, 75220 
Phone (214) 620-2993 
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F Ша ығы ШШ ШЕ ШЕШ ШЕШ НЕШ 
ҮЙҮП 16К НАМ 
FULLY STATIC 
INTRODUCTORY 


$450 KIT PRICE 


ТО SLOT TABLE TOP 
MICROCOMPUTERS 
ТТ-8080... KIT $475 


SYSTEM WITH 16K & 1/0 
ТТ-8080-5... KIT $1125 


CARD CAGE 
wen & MOTHER BÜARD 


ECT-100... KIT $100 
Шү WITH CONNECTORS 
& GUIDES 


ЕСТ-100-Ғ... KIT $200 


dh M CPU'S , MEMORY 
3 $ БИ MOTHER BOARDS 

У ГТ Фев; PROTOTYPING BOARDS 
ГҮ EXTENDER CARDS 

POWER SUPPLIES 


i DEALER INQUIRIES INVITED SHIPPING EXTRA | 
ELECTRONIC CONTROL TECHNOLOGY 


Р.0. BOX 6, UNION, NEW JERSEY 07083 
(201) 686-8080 


Don Lancaster's ingenius design provides software 
controllable options including: 
e Scrolling • Full performance cursor 
* Over 2K on-screen characters with only 
3MHz bandwidth 
* Variety of line/character formats including 
16/32, 16/64 .... even 32/64 
* User selectable line lengths 


: TELL ME MORE! ( ) Send instruction manual for the TVT-6 Kit | 
with full operational details, $1 enclosed, : 
i ] SEND FREE CATALOG : 


Namo: 
: ELECTRONICS, ІМС. City: __________ State: Tip. | 


: DEPT. 1-8, 1020W.WILSHIRE BLVD., OKLAHOMA CITY, OK 73116 : 


(eee eee ee eee eee eee eee ee eee ee eee ee eee ee eee ee) 
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adage that too much is better than too 
little seems pertinent. 

The general tone of the book is tech- 
nique and, as could be expected, the type 
of technique emphasized is the use of APL 
functions. (Branching is not discussed unti! 
halfway through the book. However, the 
authors have chosen to stress the alternatives 
to branching which APL provides in order to 
combat what must be a natural tendency 
to branch.) Technique is but one course and, 
"One course neither a meal nor a graduate 
makes!” | believe that additional emphasis 
is needed on program (function) organi- 
zation, the use of functions as subroutines, 
debugging, and cerror correction. Ап 
additional appendix on “error messages, 
their causes and corrections" and ап 
expanded appendix on “APL Functions,” 
both comprehensive enough to be used as 
stand alone work aids, would have been 
helpful. 

A revised printing of the second edition 
has been released recently, the major change 
being an easier to read type style. Infor- 
mation relating to the use of the ІВМ 
$100 portable computer was also included. 

Is this book for you? Assuming you have 
a strong desire for information concerning 
APL, | would say, "Yes." If your interest 
is casual and you expect programming lan- 
guages to be more conversational than 
-«BOOKSTOREx|( DESTRE> NIL )VNEED= 
'YES' then my answer would not be so 
unequivocal. (Note: = сап be read as 
“GOTO” and xı аз "IF; | leave the rest 
to you!) 


Thomas E Hoge 
41 Fern St 
Rocky Hill CT 0606798 


Clubs заб 


Newsletters 


Canducted by 
David Wozmak 


SOL User's Society 


On a hot Sunday afternoon, about 30 
owners of Processor Technology SOL com- 
puters gathered in a Stanford University 
auditorium to organize the SOL  Users' 
Society (SOLUS). The meeting was arranged 
by Bill Burns, Ron Findlay, Dave Fylstra, 
and Ben Milander, who had been conducting 
preliminary SOL users’ meetings at the 
Homebrew Computer Club. As the SOLUS 
steering committee, these four men dis- 
cussed the goals, structure, and functions 
of SOLUS. 

lt was decided that SOLUS will have a 
cooperative but independent relationship 
with Processor Technology. The goals of the 
society are: to facilitate communication 
among SOL users and to provide a mecha- 
nsim for exchange of SOL compatible 
hardware and software products by inde- 
pendent sources. Membership is open to 
owners of SOL computers or of other com- 
puters configured like the SOL. The Society 
is primarily a personal computer users’ 
group, although a commercial interest group 
may be formed within SOLUS. 

The item above is from Stan Sokolow, 
the editor of SOLUS News. To get in touch 
with SOLUS, write to Stan Sokolow, 1690 
Woodside Rd #219, Redwood City CA 
94061. 


The International Classified Advertiser for 
Computer Hobbyists (Bitbucket) 


Bitbucket is published twice a month 
and sent via first class mail. Computerfest 
announcements, club meeting schedules, 
interclub requests, and news articles (flea 
markets, special events, etc) are published 
free of charge. Bitbucket is mailed free to 
all clubs. To send for more information, 
write B/tbucket, M C Corporation, publisher, 
POB 314, Libertyville IL 60048. 


SR-52 Users' Club 


Here's a club for owners and users of 
Texas Instruments programmable calcu- 
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Software 


CRAPS (Las Vegos style) $6.00 
MULTIPLE LUNAR LANDER $8.00 
• SLOT MACHINE $6.00 

GAME PACKAGE: Russian Roulette, Mad 
Scientist, and ABM $8.00 

Graphics » PICTURE MAKER with AMP'L ANNY $42.00 
GRAPHICS PACKAGE I: Loser Beam, Space 
Shuttle, and Blast Off $40.00 
GRAPHICS PACKAGE II: Rain in Greece, Flea, 
Textwriter, Random Walk $40.00 


Scientific • FOURIER FIT: Does curve fitting $45.00 
Systems е RANDOM NUMBER GENERATOR TEST $5.00 
HEX MEMORY LOADER $10.00 
е MEMORY DUMP PROGRAM $10.00 

e MEMORY SEARCH 55.00 


All Programs Written in BASIC 
Complete Easy to Read Documentation 
Programs Completely Tested 


SOFTWARE RECORDS 


P.O. BOX 8401-B 
UNIVERSAL CITY, CA 91608 


(cal residents add 6% sales tax) 


The KIM to S-100 bus 
Interface/Motherboard 


* Combines the power of the 6502 with the flexibility of 
the S- 100 bus 

* Attaches to any unmodified KIM 

* Complete interface logic and fully buffered motherboard 
in one unit 

* On-board regulation of power for KIM 

* Eight slots of S-100 compatibility for additional RAM, 
Video and I/O boards, PROM Programmers, Speech 
processors .. 

* [ncludes all parts, sockets for ICs, one 100 pin connector, 
and full Assembly/Operating documentation 


* Kit $125, Assembled $165 
• All units shipped from stock 


FORETHOUGHT PRODUCTS 
P.O. Box 386-F = 
© Coburg, OR 97401 VISA 
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THE BETTER BUG TRAP 
DEBUG 
AND 
CONQUER 


Altair/IMSAI compatible board catches program bugs and 
provides timing for real-time applications. 


Four hardware breakpoint addresses. Software breakpoints 
only possible at instructions in RAM. Better Bug Trap 
breakpoints can be in ROM or RAM, and at data or 
instructions in memory, input/output channels, or stack 
locations. 


Board can stop CPU or interrupt CPU at a breakpoint. 


Real-time functions: watchdog timer, real-time clock (for 
time of day clock), interval timer. 


Sophisticated timesharing made possible! 


Unique interrupt structure: generates a CALL instruction to 
your subroutine anywhere in memory, not a RST! 


Addressed as memory. All parameters set easily by software. 


All this and more for about the price of a real-time clock 
board, but nothing else does the job of the Better Bug Trap. 


$180, assembled and tested. 2 manuals plus software. 90 day 
warranty. Shipped UPS. Delivery from stack. 


+ Ф 
Ai CYrOnics n 
BOX 3514, 123 WEST 3RD ST., SUITE 8 
GREENVILLE, NC 27834 e (919) 758-7757 


Prototype boards for SWTP 6800 
and other systems — 


The larger board (SWT-2) is the same size as the system memory board 
and plugs into a memory location. The smaller board ISWT-1) is the 
same size as an l/O board and plugs into and input/output connector 
location. The proper Molex connectors are provided. Please add $1.50 
per order for shipping, handling and insurance. 


Prototype boards for S-100, Heath H-8 and others available. 


SWT-2 $ 15.95 
SWT-1 $ 8.95 


ПІШІП __ (nr 
HATED Ra ИМЕВІНЦЕШЕНІ 
ППТ пиги 
Trimmer ТТТ 


TTT 
ттт 


Adapter boards available to interface Heath 
H-8, Radio Shack Z-80, and Intel SBC 80/10 
computers to the S-100 bus. Permits use of 
North Star and other floppy disk interfaces 
with these systems. 


Order from your nearest dealer or — 


Celetron 


Р.О. Box 6215, Syracuse, New York 13217 (315) 422-6666 
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lators. Membership is open to anyone. The 
club is neither sponsored by nor officially 
sanctioned by Texas Instruments. To date 
there are over 700 members. The club 
publishes a newsletter, 52 Notes, which 
contains programs, routines, and various 
other information. Write to R C Vander- 
burgh, 9459 Taylorsville Rd, Dayton OH 
45424. 


RICH 


The Rhode Island Computer Hobbyists 
hold meetings on the third Tuesday of every 
month. Upcoming meetings will feature 
presentations of solar energy projects, the 
new Heath line, and terminals for the deaf, 
to mention a few. The new NET message 
service allows anyone with a terminal and a 
modem to dial a club computer to get news 
and receive or leave messages. Contact the 
Rhode Island Computer Hobbyists, POB 
599, Bristol RI 02809. 


Lincoln NE Computer Club 


Computer hobbyists in the Lincoln 
NE area are invited to join the Lincoln 
Computer Club. The club was formed in 
early 1977, and has been meeting monthly 
ever since, Meetings are held the first Wed- 
nesday of each month at 7 PM at the South 
Branch Library at 27th Av and South St. 
For further information contact Hubert O 
Paulson Jr, 422 Dale Dr, Lincoln NE 68510, 


Computer Amateurs of South Jersey 


A new club, the Computer Amateurs 
of South Jersey, invite the participation of 
all interested parties, both novices and pro- 
fessionals. User groups have been formed for 
the 6800, 6502 and the 8080 processors. 
Meetings are held at 7:30 PM on the last 
Tuesday of each month at the National 
Park Municipal Building, 7 S Grove Av, 
National Park NJ. For additional infor- 
mation please call (609) 541-8296 or write 
Charles Knott, 3088 Congress Rd, Camden 
NJ 08104. 


Tidewater VA Computer Club 


This club, located in the tidewater area of 
Virginia (Norfolk, Virginia Beach, Chesa- 
peake, Portsmouth) has a membership of 
about 100. Club meetings are held in the 
Electronics Computer Programming Insti- 
tute, Janaf Office Building, Janaf Shopping 
Center in Norfolk at 7:30 PM on the first 
and third Tuesdays of each month. Contact 
C Dawson Yeomans, 677 Lord Dunmore Dr, 
Virginia Beach VA 23462. 


Electronotes 


This is the newsletter of the Musical 
Engineering Group. Bernie Hutchins has 
been publishing this unique and valuable 
newsletter since the early 1970s. It contains 
technical material pertaining to electronic 
music and related subjects. There are 20 to 
25 pages in every issue, all of them infor- 
mative, To submit articles or to subscribe, 
write to B A Hutchins, 1 Pleasant Ln, 
Ithaca NY 14850. 


Calculator Lib 


There exists in Oxnard CA a man named 
Gene Hegedux who edits a newsletter 
called Calculator Lib. This publication is 
devoted to the spreading of information and 
ideas about calculators. In it are various 
tricks, hidden secrets and humorous items 
about calculators (not just programmable 
calculators, either). To subscribe contact 
Gene Hegedus, РОВ 2151, Oxnard CA 
93034. 


Alamo Computer Enthusiasts 


ACE is a group of microcomputer enthu- 
siasts in the San Antonio TX area who have 
gotten together to publish a newsletter. 
The club meets on the fourth Friday of each 
month at 7:30 PM in room 104, Chapman 
Graduate Center, Trinity University. Contact 
John Stanton, 7517 Jonquill, San Antonio 
TX 78233. 


Southern Illinois Computing Association 


The Southern Illinois Computing Asso- 
ciation (SICA) draws its members from the 
academic, business, professional and 
hobbyist fields. The organization meets the 
first Monday of the month at Southern 
Illinois University, Carbondale IL. For 
further information and a current copy of 
the organization's newsletter, contact James 
E Honey, SIU General Stores, Carbondale IL 
62901. 


Computer Hobbyist Group of North Texas 


This group, led by Neil Ferguson, presi- 
dent, and Bill Lewis, vice president, is 
located in the Dallas area. It is an informal 
club in which people display their systems, 
exchange information, and so on. Their 
newsletter, 7he Printed Circuit, looks good 
and contains vital club information, classi- 
fieds, and coming events. If you want to 
become a member, or get more information, 
contact Neil Ferguson, POB 1344, Grand 
Prairie TX 75051, = 
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"We've Got It!" 


A NEW ADDITION TO OUR STOCK OF 
SURPLUS ELECTRONIC EQUIPMENT 


The IBM Selectric Based ҒҒ” 
1/0 Terminal $695.00 


е INTEGRAL MODEM 
BCD OR CORRESPONDENCE CODE 
TABLETOP MOUNTING 

22"W, 22"D X В”Н, 58 LBS 

ASCII CONVERSION AVAILABLE 
DOCUMENTATION INCLUDED 


OTHER SURPLUS STOCK 


e KEYBOARDS — ASCII 
ENCODED $40.00—$60.00 
CRT TERMINALS 

TAPE DRIVES $650.00 e PRINTERS Ma 
EQUIPMENT CABINETS е TRANSFORMERS Other 
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MODEL CT-1 SYNTHESIZER 395.00 
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PRAMMER III 
by Xybek 


The Ultimate EPROM Memory Board 


ж 
ж 
ж 
ж 


For Your 5100-Вив Computer 


Accommodates from 1k to 30k of the above EPROMS, in 
any combination, each addressable on any 1k boundary 
within the board's 32k address space. 

tk of scratch-pad RAM. 

On-board programming for all three EPROM types. 

Tri-state buffers on all address and data lines. 


Empty EPROM sockets do not require address space. 


xybek . р.о.вох4925 • Stanford,CA94305 
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P.O. Box 10767 
Salem Station 


Winston-Salem, N.C. 
27108 


(919) 748-8761 
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Continued from page 6 


executed (or shall 1 say, "understood"?) 
by the computer system. When we figure 
out what it is that we want to get done, 
then the process of automating that inten- 
tion reduces to a purely mechanical pro- 
cedure. 

The amplification of our thoughts repre- 
sented by a computer's operation comes in 
several ways. The computer can automate 
and execute procedures orders of magnitude 
faster than a human brain can operate; a 
computer can record procedures in some 
form of storage, for recall at the direction 
of its user; by requiring explicit and con- 
sistent instructions, a computer acts as a 
tireless crusader for consistency and accu- 
racy in our knowledge of innumerable sub- 
jects. Ralph Waldo Emerson commented 
that “. . .a foolish consistency is the hob- 
goblin of little minds, adored by little states- 
men and philosophers and divines." With 
the aid of these new mental amplifiers, 
we might add computers to the list of 
"little minds." 

As a mental amplifier, the computer is 
perhaps the “ultimate tool" of our tool 
making species. Recognizing the nature 
of the computer as such a tool helps one to 
understand the multiple facets of 
personal computing. The general-purpose 
computer system is not confined by design 
to any particular application; its generality 
is the secret of its enthusiasm with users. 
Computers are indeed used in dedicated 
applications, and with great success, as 
evidenced by the newest crop of compli- 
cated video game machines, computer 
controlled sewing machines, and computer 
controlled automotive systems. But in such 
dedicated applications, we merely use the 
results of the amplified thoughts of the 
designer of the application system, and if 
those thoughts disagree with our own 
thoughts on the way the system should 
work, then there is little prospect for im- 
provement or customization of the appli- 
cation. The general-purpose computer ín 
contrast is oriented toward an interactive 
user who needs the mental amplification 
process in an individualized context. The 
key to such computers' enthusiastic recep- 
tion as "personal computers" is this flexi- 
bility which is present in the user who 
knows how to program with the tools 
available and can proceed to create an 
application or modify a canned application 
to fit a custom situation. 

Think of an analogy to the piano or any 
other musical instrument which requires 
some skill to play. As an avocational pianist, 
| buy a "stock" program for an "appli- 


Circle 13 on inquiry card. 


tion" of the piano, f leas 
Joplin piano rag, a Waldteufel salon style Industrial Quality 
CAMBION XQ Com 


Viennese waltz, or a piano sonata by 


Beethoven. | do not pretend to be an 
original "programmer" of the music, so | for Hobbyists. 


purchase the printed form of these works 
and proceed to play them in my own im- 
perfect style, customized as it were to my 
own characteristics as a piano player. (1 can 
buy completely canned music, too, in the 
form of mass produced record albums of 
famous artists which are musically the 
equivalent of game programs purchased for 
specific games machines and written by the 
games’ artists.) The piano is my general- 


ат“ 


purpose musical instrument which can be Sones FFE Row ave 
adapted to any one of a wide diversity of for hobbyists, personal com- 
musical styles and emotional states. In a like puting enthusiasts, and home experimenters. Get them at 
manner, the personal computer as a general- your local retail electronics store, or by mail. The same 
purpose computer is not confined to any ШЕП фи XC шр оаа Equipment 
de of ansration- itmerelv provides anufacturers depend on for profit around the world, are 

опе moge ре nerely p now yours for pleasure, at home. IC sockets, component 
a mechanism for implementation. adapters, breadboards, wrap tools, wire, patch cords, 

The users of the personal computer in plugs, jacks, sub-mini connectors, test points, clips, basic 
the past have tended to be those individuals hardware —and you name it. 

, ; For your FREE new, enlarged XQ Components Catalog, 
who have most to gain from this personal write Cambridge Thermionic Corporation, 445 Concord 
thought amplifier, namely individuals in- Avenue, Cambridge, MA 02138. Or pick up a copy at your 
volved in personal endeavors which can local retail store. 


benefit from the automation of thoughts. 


Since everyone thinks to a greater or lesser CAMBION : 


degree, the market for personal computer А ; 
equipment тау in principle be limited only Guaranteed to be the right connection. 


by the size of the human population; but for 

the near term it is those individuals who are Wi h _| 

involved with intellectual processes from art Inter 5 ut In blues??? 
to business who benefit most from the small 
computer. The art of computer program- 
ming is a skill which | view as essential, 
in the same way that the art of driving is 


Do what you've been wanting to do at 
prices you can’t afford to pass by... 


required to take advantage of the mobility PRICES IN EFFECT UNTIL FEBRUARY 15, 1977 

of the automobile. Not everyone need 

be the programming equivalent of a skilled OUR 
race ог rally driver, but for people now usr CASHPRICE 

growing up with programmable computers 

readily available, a programming skill ana- IMSAI 8080 699° $56995 

logous to the ordinary person's automobile 

driving skills is required. Anyone who would Solid State Music VB1 Kit 14995 119” 

think otherwise is ignoring the essence of Ч 

what makes the personal computer personal. Percom СІ-812 Kit 8995 759° 

So, then, what does it really mean to have 

a personal computer? At an emotional level, Tarbell Cassette 

it enhances one’s understanding and thought Interface Kit 120% 9995 
rocesses through the ability to perform 

Шш and experiments it gives one TDL ZPU Board 26990 22995 
the opportunity to experience a joy of f 

creation and practical benefits at whatever Other 2-80 CPU boards as well as 8K, 16K, 32K memory boards avail- 


able at sensational savings. 
All prices plus shipping. Add $1.50 per board or $10 for IMSAI. 


Send for free catalog. 


level programming is done. It gives its user 
a tool for understanding and interacting 
with the world which was not previously 
available and which enhances the human 


thought processes by allowing simple auto- 

mation of well-defined operations. The total S-1 00 А Inc. 
feedback in both spiritual and material 7 White Place 
benefits can be enormous. Clark, N.J. 07066 


201-382-1318 
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Body 


flat plate (1 square meter) 
sphere (0.1 meter diameter) 


airplane body (2 square meters) 
wing or fin edgewise (1 square meter) 


model rocket {2 cm diameter} 
automobile (2 square meters} 
motorcycle and rider (2/3 squ 


Simulation of Motion 


Part 3: 


Model Rockets and Other Flying Objects 


Since becoming involved in personal com- 
puting, l've only met a few real applications 
oriented users. Most microcomputer owners 
are either hardware oriented, eg: hams or 
other electronics hobbyists, or they are soft- 
ware hackers. Both groups tend to love their 
machines for their own sake and not neces- 
sarily because they are useful. The users I've 
met who are more interested in the answers 
they get than in how they got them have all 
been running financial programs. Despite 
this thin showing, | believe that the next 
large group to “discover” persona! com- 
puting is going to be applications oriented. 
They will be the business people and hobby- 
ists who need more computing power than 
is available in a pocket calculator, but who 
can't justify access to a large computer. 

Among this group will be the model 
rocket and aircraft. builders. Those people 
delight in creating miniature NASAs, but 
they have always lacked one important 


are rneters) 


Table F: Drag coefficients for various bodies. These coefficients include the 


body area and air density term (1/2 x 1.192 kg/m3). They are intended to be 


used in an equation of the form: 


DRAG = SPEED? x Су 


if larger or smaller bodies are used, a simple ratio of areas will convert the 
coefficient. 
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resource, computing power. The govern- 
ment and ihe aerospace industry invest a 
great deal of effort in simulating flights 
long before any hardware is put together. 
Few hobbyists could do this until now. In 
this article, PIL show how a microcomputer 
can be used to simulate the flights of model 
or amateur rockets and aircraft. The simula- 
Lions can be used as aids in design and 
“mission” planning. | also hope to demon- 
strate the desirability of personal computing 
as an adjunct to other pastimes. 

As in my previous articles, these simula- 
tions are intended to serve as examples. The 
techniques involved can be applied in almost 
any real world application. The lunar lander 
game, for example, served to illustrate how 
simulations are separated into degrees of 
freedom, and how speed and position are 
predicted for steps into the future. Those 
concepts were also applied when we simu- 
lated the motion of an automobile suspen- 
sion system. That simulation illustrated how 
forces could depend directly on the motion 
being simulated. |t also served to introduce 
some powerful numerical techniques. Ail of 
these concepts will apply to the flight 
simulations. In addition, PIL show how to 
calculate the effects of a force which acts 
in two degrees of freedom at the same time. 
l'l also. introduce angular motion and 
demonstrate the way in which a simula- 
tion keeps track of how fast a body is 
turning and where it is pointing. While 
developing a flight simulation in detail, CH 
try to point out specific areas where these 
new techniques can be applied to the earlier 
applications. 

Let's begin, in fact, by outlining a game 


simulation you can program. In the lunar 
lander game, aerodynamic forces were 
neglected, but these forces must be con- 
sidered for atmespheric flight. They also 
present a good example of forces which act 
іп more Lhan one degree of freedom. We will 
investigate them through the use of a simple 
game I'll call EVEL. The object of the game 
is to select the ramp angle and speed with 
which to leap a motorcycle over a given 
number of cards and land successfully on 
ihe downward ramp. The mation will be in 
two degrees of freedom, vertical and hori- 
zontal. The forces will be gravity and acro- 
dynamic drag. 

We have scen in the previous articles how 
gravity affects speed, and most people have 
an intuitive understanding of drag. Drag is 
the force you feel when you hold your hand 
out the window of a moving car. It is the 
resistance of air to à body moving through it 
and it acts directly opposite the motion. 
Drag is calculated in much the same way as 
the force created by an automobile shock 
absorber. in that example the force was 
equal to the speed multiplied by à damping 
coefficient. To calculate drag, we will mul- 
tiply the speed squared by a constant 
called the drag coefficient {symbolically Са). 
Drag coefficients for some common bodies 
are given in table 1. Cg takes into account 
the size, shape and surface texture of ihe 
body. In our simulations, it will also include 
a factor for the density of the air (1.19 kg 
per cubic meter). More detailed simulations 
will take into account the changes in air 
density and temperature which occur at 
higher altitudes and adjust the aerodynamic 
forces accordingly. To avoid this complica- 
tion, we will restrict our simulations to 
altitudes within a few thousand meters of 
sea level. The formula we will use for calcu- 
lating drag is DRAG = SPEED? x Са. 

If the only motion is upward, the drag 
acts only in the vertical degree of freedom. 
There are also cases in which it acts only 
horizontally; but in general, there will be 
motion in both directions, and the drag, 
which acts directly opposite the motion, 
will be felt in both degrees of freedom. 
Because of its dependence on the square of 
the speed, we cannot calculate separate ver- 
tical and horizontal drags. We must calcu- 
late one force and apportion it between the 
two degrees of freedom. 


30M/SEC 


Sis. pt GAMA 
Sram 


50M/SEC 


40M/SEC 


ағы 


Figure 1: The total speed and flight elevation angle can be calculated from 


the horizontal and vertical speed components. 


Figure ] shows a typical case. Here a 
daredevil motorcyclist has just left his 
takeoff ramp. Suppose we know from a 
previous simulation step that his vertical 
speed is 30 meters per second (m/sec) and 
his horizontal speed is 40 m/sec. To cal- 
culale drag, we must first find the total 
speed. Our fortunate seleclion of degrees 
of freedom now becomes apparent, because 
the vertical and horizontal velocities can be 
seen to form two sides of a right triangle. We 
can compute the third side, or hypotenuse, 
by applying the theorem of Pythagoras 
(C? = А? + B?J, The total velocity will be 
equal to the square root of Ше sum of the 
squares of the speeds in each degree of free- 
dom. іп this case, the daredevil is moving at 
у 30? + 40? = 50 m/sec. Using Са from 
table 1, we calculate a drag of 0.25 x 50? 
= 625 newtons, acting at some angle be- 
tween horizontal and vertical. This angle is 
called the flight elevation (symbolically 
GAMA in some computer programs). |t can 
be found using a little trigonometry. If we 
let horizontal be О degrees, and let vertical 
be 90 degrees, then GAMA is equal to the 
arc tangent of the vertical divided by hori- 
zontal velocity. In this case, GAMA = arc 
tan (30/40) = 36.87 degrees. Knowing the 
angle, it is easy to apportion the drag. The 
forces which result are called components 
of drag. The vertical component (sym- 
bolically Dy is given by Dy = DRAG x SIN 
(САМА). The horizontal component, Dh, is 
given by Dy = DRAG x COS (GAMA). In 
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THETA 


Figure 2: The direction of flight is called the flight elevation (GAMA). The 
direction the rocket is pointing is called the body elevation (THETA). The 
difference between them is called the angle of attack (ALPHA= THETA 


-GAMA). 


Part ! of this series, 
"An — improved Lunar 
Lander Algorithm," began 
on page 18 of November 


1977 BYTE, while part 2, 
"An Automobile Suspen- 


[E 


sion," appeured on page 
112 of December 1977. 


146 нутг January 1028 


the current example, Dy = 625 х SIN (36.87) 
= 375 newtons, and Оһ = 625 x COS 
(36.87) = 500 newtons. You can check these 
calculations by noting that v 3752 + 500? 
= 625, Readers familiar with trigonometry 
will be able to confirm that 


DRAG = V Dy? + Dg? 


in every case. This is the same formula we 
used to find the total speed, so it should nol 
be surprising to find that the vertical and 
horizontal speeds are also referred to as com- 
ponents. 

The effect that the components of drag 
have on the components of speed depends, 
of course, on the mass. If our daredevil is 
fairly small, and rides a light motorcycle, the 
total mass in flight might be 150 kg. During 
a step of 0.1 seconds, the horizontal spced 
will decrease by 500/150x0.1 = 0.333 m/sec. 
A similar change occurs in the vertical speed, 
but there we must also include gravity. 
Remember from the previous simulations 
that each second, gravity subtracts 9.8 m/sec 
from the vertical speed. In 0.1 seconds it will 
change from 30 m/sec to 30-(375/150 + 
9.8)x0.1 = 28.77 m/sec. Knowing the new 
speeds, you can compute the new position, 
the new drag and the new flight elevation. 
The simulation can be stepped forward again 
and again until the daredevil returns to earth. 

Because the drag components depend on 
the square of the speed, it will probably be 
necessary to use the predictor-corrector 
formulas from my previous article to obtain 
realistic results. The initial conditions of 


total speed and ramp angle must be chosen. 
For the first simulation step set GAMA 
equal to the ramp angle and let the vertical 
speed component equal SPEEDxSIN 
(САМА) and the horizontal component 
equal SPEEDxCOS (САМА), Figure that a 
car is about 6 meters long, a bus about 15 
meters, and the Snake River Canyon is 
1451 meters wide. Good luck. 

In many respects, a rocket or aircraft in 
flight is much like our daredevil. It will be 
moving horizontally and vertically and will 
be acted upon by gravity and drag. There are 
some other forces to be considered, how- 
ever. For example, early in a rocket's flight, 
its engine will be producing thrust. Unless 
the rocket is pointing directly upward or 
directly parallel to the ground, we will also 
have to apportion this force between hori- 
zontal and vertical directions. 

One way to do this is to assume thal the 
rocket always points in exactly the direction 
it is moving. The flight elevation angle, 
GAMA, can then be used to apportion 
thrust just as it was used for drag. At cach 
simulation step, the program can interpolate 
a table to find the value of thrust correspon- 
ding to the current time. It then computes 
the components and applies them to predict 
new speeds and position. In this manner we 
can build a two degree of freedom rocket 
trajectory simulation. This simulation might 
also be used for a game. Set up a duel 
between two artillery battalions, or better 
still, program a real time simulation like the 
lunar lander game of my first article and try 
to hit a moving target. 

For most flight vehicles, the tendency to 
point in the direction of movement is a 
desirable characteristic. Unfortunately, this 
is nat generally Ше case. Vehicle imperfec- 
tions, the effect of wind, and just the fact 
that it takes a finite amount of time to turn 
the vehicle, all affect the pointing of a 
rocket. In order to indicate where the rocket 
is pointing, we define another angle, the 
body elevation angle (symbolically THETA}. 
THETA tells us where the vehicle is pointed 
and is used to apportion thrust. The dif- 
ference between THETA and GAMA is 
called the angle of attack (symbolically 
ALPHA). It is illustrated in figure 2. 

Unlike GAMA, there are no components 
which may be used to compute THETA. We 
must keep track of it with a third degree of 
freedom. Just as altitude is calculated as the 
position in the vertical degree of freedom, 
THETA may be calculated as the position in 
this third, or angular, degree of freedom. 


Angular motion is handled in exactly the 
same way as the linear motions we have 
already been simulating. Just as position has 
its angular equivalent, so do speed, force and 
mass. It 15 as easy to calculate the speed with 
which a body turns as it is to find the speed 
with which it falls. 

First we must calculate the angular 
equivalent of a force. These are called 
moments (also called “‘torque”), and have 
metric units of newton meters. As the units 
imply, each moment has a force as part of 
its definition, but it also depends on how 
much leverage the force has. For example, 
suppose you apply a force of 10 newtons to 
the end of a 15 cm (0.15 meter) wrench. 
А moment of 10x 0.15 = 1.5 newton meters 
will be transferred to the bolt. If a 25 cm 
wrench were used, a moment of 10 x 0.25 = 
2.5 newton meters would result, and the 
bolt would be proportionately tighter. In 
rocket flights a moment results as an aero- 
dynamic effect whenever THETA is not 
equal to GAMA. It has its own coefficient, 
Cm. For small angles of attack, this coef- 
ficient is multiplied first by the square of the 
speed (linear speed, not angular) and then by 
the angle of attack (ALPHA=THETA- 
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GAMA). The aerodynamic moment is there- 
fore caused because the rocket is trying to 
point itself in the direction it is moving. 

The next element to be considered in the 
angular equation is the equivalent of mass. 
This is called moment of inertia, and the 
leverage concept applies to it also. The 
moment of inertia (usually shown symbolic- 
ally as an upper case |} depends on the mass 
of the body, and also how widely spaced the 
mass is. For example, a 50 kg set of bar 
bells would have a much larger moment of 
inertia than a single 50 kg weight. The units 
of | are kilogram meters. Like mass, moment 
of inertia is a property of matter. In our 
rocket simulation, both may change as fuel 
is burned, but their values can be determined 
at any given time. lt is general practice to 
construct tables of mass and moment of 
inertia which parallel the thrust table we 
have already introduced. In each simulation 
step, our program will interpolate the table 
to find the current value of moment of 
inertia and use it to find the effect of the 
moments. The value of the metric units will 
now become apparent. 

Just as the force in newtons was divided 
by the mass in kilograms to find exactly the 
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17H 
REM SET INITIAL ALTITUDE (2158) 


REM S SET DRAG<D) AND МОМЕНТСР> COEFFICIENTS 
LET р=-1. ВЕ- 

LET P=-3, 0E- 5 

КЕН SET LAUNCHER LENGTHCR) AND ЕГЕЧАТІОНСІ > 
z 

PRINT "LAUNCH ELEVATION =";L;" DEGREES" 

LET LsL18.81745 

LET Lisl 

LET Gt 

LET Rs2141 

REH SET WIND SPEED 

ы 

PRINT "WIND SPEED ="; H; METERS/SECOND" 


LET Ui» 
REM END INITIALIZATION, BEGIN TRAJECTORY 
PRINT "TIME TITUDE RANG! ES 
PRINT "(SECO нєт ERS) (METERS 
REM GET THRUSTCF?, MASSCHD, & MOMENT OF INERTIA ep 
60308 958 


SPEED" 
tMr SEC)" 


TaT+H 


Kak+1 
REM PREDICTOR FORMULAS 
REM B.W,2,ARE VERTICAL ACCELERATION, SPEED & POSITION 
B1zCSINCGGDO XDTUP*SINCLOXF»7M-9,8 
LET H-Hl *H£Bi 
LET 2221*«HXM1 
REM &,U,X ARE HORIZONTAL ACCELERATION, 
LET A1»(COSCGo $DXU2«COSCLO*F»^M 
LET U=U1+HA1 
LET X*X1*HXC(U1-N2 
LET U2s(U*ND fE*WT2 
LET UxSQR(U2) 
REM HO ANGULAR MOTION ON LAUNCHER 
IF 2¢R THEN 598 
LET G=ATNCH? (USN) > 
IF U*N58 THEN 538 
LET G=G+3.14159 
REM НЕСІ СТ ANGULAR MOTION AFTER BURNOUT 
IF F=6 ТНЕН 616 
КЕМ C,Q,L ARE ANGULAR ACCELERATION, SPEED & POSITION 
LET СізРі(1-62%0271 
LET фе-01%НЖСІ 
LET із|1%Н%Ұ01 
60508 950 
КЕМ CORRECTOR FORMULAS 
LET B=CSIN(CG)SD2U24+SINCLISF)/N-9.8 
LET Н=М1+Н/2®СВ+В1)›) 
LET 2=21+Н/2%С6Ы+Н1›) 
LET Нін 


r4 
LET RxCCOSCGOXDEU2Z *COSCLO LO /M 
LET UsU1+H-2%(A+A1 > 
LET Naki eH 26 сил» 


SPEEO & POSITION 


хіх 
LET #2=‹1+#Н)12+Ы12 
LET UsSQR(CU?2) 
REM NO ANGULAR MOTION OM LAUNCHER 
IF 2Z«R THEN 880 
GzATHOM/CU*ND) 
IF U*H»08 THEN 778 
GaG+3. 14159 
REM NEGLECT ANGULAR MOTION AFTER BURHOUT 
IF F«B THEN 880 
LET CeP$CL-GotU27I 
LET QxOl*H^2*CC«C1) 
LET L»L1*H^2*C0«401) 
LET @1=0 
LET List 
IF К<К1 THEN 398 
PRINT T,2,X,U 
LET Kz8 
ІҒ 228 THEN 398 
REMS STOP WHEN ALTITUDE RETURNS TO ZERO 


REM INTERPOLATE p IE TABLE FOR F,H.& I 
АТ 2656045 »1.1Е-4,0.1,13. 3,0. 8446,1. 1Е-4,0.2 

DATA 1. ‚5,6,0. 833711. ӨЕ-4,1,7,5.6,@.@333,1.0Е-4,1 

IF Tetis THEN 1058 

LET Т2-Т71 


434, 


88 LET F2-F1 


1818 LET M2=M1 

1828 LET 12411 

1030 READ T1,F1,M1, 11 

1848 GO TO 988 

1858 LET H4sCT-T2»5/(T1-T25 
E8680 LET FuF2*CF1-F201H4 
1878 LET MeM2*(M1-M251H4 
1898 LET I«I2«CI1-I251H4 
1898 RETURM 

1100 END 
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A Model 


Listing 1: This BASIC program illustrates 
the use of an angular degree of freedom to 
apportion a force between two linear de- 
grees, It simulates the flight of a model roc- 
Ret that might be built from widely available 
kits. During the early part of the fight 
(approximately 1 meter), the rocket rides on 
a guiding rod. The rod prevents the body 
from turning, so angular motion must be 
suppressed in the simulation, After leaving 
the launcher, the vertical, horizontal and 
angular pitching motions are all considered. 
A short time later, however, the fuel will be 
exhausted and the thrust will drop to zero. 
Because the only reason for computing 
THETA was to apportion the thrust, 
angular motion may be neglected from this 
point until the vertical position becomes 
zero (rocket returns to earth) and the 
simulation ends, 

This type of simulation is particularly 
useful for determining the effect of wind 
on а rocket, The tendency a rocket has to 
point in the direction it is moving also 
causes it to turn into the wind. The highest 
altitude may not, therefore, be achieved 
with а vertical launch. By running a series of 
simulations on his/her personal computer, a 
model rocket builder can determine in 
advance the ideal launch angle for various 
steady state wind speeds. The plots shown 
іп figure 3 illustrate this type of study. 
Note that in each case the horizontal degree 
of freedom is aligned with the wind. 

Because the forces and moments in this 
simulation depend on the motion, the 
predictor-corrector method has been applied. 
To conserve space, however, it is not the 
fourth order method used in the automotive 
simulation of last month's article, but a 
shorter second order version. Improved ac- 
curacy would result if you were to imple- 
ment the longer formulas. You may also 
want to customize the output. For example, 
a plot of angle of attack versus time might 
be interesting. To print out ALPHA іп 
degrees, use (L-G) x 57.295 to convert from 
units of radians. Special output exactly ut 
apogee (maximum altitude), impuct, or 
motor burnout might also be helpful in 
evaluating performance. The code is well- 
commented, so feel free to dig in and adapt 
this program to your own needs. 


Rocket Simulator 


change in speed each second, so the moment 
in newton meters can be divided by the 
moment of inertia in kilogram meters to find 
exaclly the change in angular speed. In 
angular degrees of freedom the units of 
speed are radians per second and the posi- 
tion will be computed in radians. There are 
27 radians in a full circle, so 1 radian equals 
57.296 degrees. Because most BASIC inter- 
preters perform trignometric calculations in 
radians, these units are to be preferred. Con- 
version to degrees is easily made for input 
and output. 

Once the effect of each moment is known, 
it is multiplied by the time step size and 
added to the speed in exactly the same 
technique used for linear motion. Similarly 
the angular speed is multiplied by step size 
to update the angular position. The predictor- 
corrector method may be applied by saving 
moments, and speeds from previous steps. 
| have included a BASIC program with this 
article which involves both the predictor- 
corrector formula and angular motion in à 
three degree of freedom (pitch plane) 
trajectory simulation. Noting the similarity 
between the angular and linear equations 
used there should make this technique easier 
to understand. 

The concept of angular motion is easily 
transferred to ather applications, but to 
make best use of it you really need some 
familiarity with the forces and moments 
which may appear. For example, an auto- 
motive enthusiast will already understand 
how the read surface induces motion in 
the body of a car. We saw last month how to 
simulate that motion for one wheel. If you 
include two wheels, the front and back on 
one side, a second degree of freedom in 
body motion is introduced. Most people 
would recognize that, but only someone 
familiar with aulomobiles might realize 
immediately that the two ends of the body 
will not move up and down entirely inde- 
pendently. The second degree of freedom 
must be an angular one. It will measure the 
pitching motion of the car while the original 
degree measures its overall up and down 
mation. The forces created by each set of 
suspension parts will contribute to the 
linear motion, and will be multiplied by 
their leverage (perhaps their distance from 
the driver's seat} ta determine their affect 
on the angular motion. At each step, the 
angular mation will be combined with the 
linear motion to compute new forces, 
moments, etc, and the procedure will begin 
again. Just how those angular motions are 
combined with the linear ones, and how thc 
leverage of a force is determined, will be the 
subjects of the fourth and last article in this 
serios. 


Figure 3: The program of listing 1 can be used to determine the best launcher 
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Figure 3a: Trajectories with no wind. 
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Figure 3b: 90° launch with wind. 
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Figure Зс: Trajectories with 10 m/sec wind. 
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А Novice's Eye 


on Computer Arithmetic 


Now that you have your shiny new 
microcomputer you want to use it for some- 
thing. No matter what the application, 
someplace in it you have to use numbers: 
to count, do arithmetic, input from a key- 
board, or output to a terminal of some 
sort. If you are operating with a higher level 
language such as BASIC or FORTRAN there 
is no problem since all the number manipul- 
ation programs are already included. Most of 
us, however, must work іп assembly 
language or even machine language, and if 
you have never been there before it can be a 
discouraging situation when you don't get 
the expected results. 

The purpose of this article is to explain 
how simple numbers are often represented in 
a computer and how to do the four basic 
arithmetic operations. Since the real world 
of people is decimal, not binary oriented, we 
have to convert from one to the other. Since 
most computer peripherals talk in a language 
called ASCII, 1 will also show how to trans- 
[ate that into binary and vice versa. 


Binary Number System 


All the computers you are liable to run 
into operate on the binary number system, 
where each clement has two possible states, 
usually designated as 1 and Q. Let's consider 
an arbitrary 8 bit computer, meaning that 
the internal arithmetic and logic of the 
computer handles data that consists of eight 
bits at a time. 

When counting in either the binary or 
decimal number system the first number is 
designated by О and the second number by 
1. We run into difficulties when we try to 
express the number 2. |n the decimal 


number system it is easy, 2. In the binary 
number system we have already used up the 
two allowable states with the first two 
numbers. What we need is an additional bit 
af information. When this bit is added we 
can now designate the number 2 by 10. 
This extra digit on the left represents a 
weight of 21 = 2. (The rightmost digit has a 
weight of 29 =1.) 

Fach digit position in a number is 
assigned a weight dependent on where in the 
number it occurs. To abtain these weights 
take the base number and raise it to a power 
equal to the position of the digit in the 
number. The rightmost digit is the least 
significant digit and has the position index 
of zero. Following these two rules the 
weights for the decimal number system are: 
100 = 1, 10! = 10, 102 = 100, ctc. In the 
binary number system the base number 15 
2 instead of 10. Substituting, we have the 
following weights: 20 = 1, 21 = 2,222 4 
cic. 

To translate a binary number into a 
decimal number just add up the weights of 
the digits which are 1s. Table 1 shows how 
the decimal numbers from 0 through 16 are 
written in binary and two other forms of 
numbering common in computers: hexa- 
decimal, which uses a base of 16, and 
octal, which uses a base of 8. 

The octal and hexadecimal forms are used 
to save you from writing out long strings of 
Is and Os which are hard 1o read and give 
plenty of opportunity for mistakes. For 
hexadecimal notation six new digit value 
graphics are needed to allow a total of 
16 different digits, representing four bits, 
To fil this need the letters of the 


Li 
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alphabei A through F are used to represent 
the numbers 10 through 15, To convert a 
binary number to hexadecimal start at the 
least significant end and count off binary 
digits in groups of four. If the last group 
does not contain four digits visualize 
additional Os to make four binary digits. 
Consider each 4 digit group as a separate 
number and write its hexadecimal equivalent 
{refer to table 1). For example: 


binary 11010111001000111 


separated 0001 1010 1110 0100 0111 
hexadecimal 1 A E 4 7 


To convert from hexadecimal to binary 
notation just reverse the procedure. Replace 
each hexadecimal digit with its binary equiv- 
alent, remembering to add leading Os so 
thai each. of the hexadecimal digits forms a 
4 digit binary number, 

Octal conversion is the same except the 
binary number is broken into groups of 
three. For the previous example: 


binaly 11010111001000111 
separated O11 O10 111 001 000 111 
octal 3 2 7 1 0 7 


Conversion from octal back to binary is 
done by replacing cach octal digit with its 
3 digit binary equivalent. 


Octal 
Weights = 8 


Hexadecimal 
Weights = 16 


= 
= 


ө--------.--.--.-.роооососоо 
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Let's return lo cur 8 bit computer. If 
table 1 is expanded to eight binary digits 
(bits) the largest number that can be formed 
would be decimal 255 (binary 11111111). 
Counting D, this gives 256 different num- 
bers that can be expressed with cight 
bits. In some applications 256 numbers are 
enough, bul if you were going to balance 
your checkbook a maximum balance of 
$2.55 would be rather useless. | will return 
to this limitation shortly and show you how 
to get around it; bul first, in the context of 
balancing checkbooks, what happens when a 
number is negative? If we accept O as a 
positive number then we can assign one bit 
of the number to be the sign, a ] for 
negative and a 0 for positive. Notice that we 
have lost a bit from the numerical value and 
now can only have 128 different values 
each with two signs for a total of 256 dif- 
ferent numbers. However, 0 is not con- 
sidered 2 valid number, so there are only 255 
usable numbers. This type of notation is 
called a sign-magnitude representation of a 
number. Using this notation, —1 is written 
as: 

10000001 


~a., —— 


X — magnitude 


sign bit 


If you were going to add two signed 
numbers (say +3 and --1) your program 


Table 1: Binary, 


octal, 


decimal and hexadecimal 
equivalents of the decimal 


numbers 0 through 16. 
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would have to take inlo account several 
things first. First, if you simply added the 
two numbers, the result would be wrong: 


*3 00000011 
-1 1000000] 


sum 10000100 =—4 


Wouldn't it be nice if there were a 
number notation that would allow identif- 
ication of positive and negative and give a 
correct answer when added together? Con- 
sider adding +1 to —1 to get 0, What 8 bit 
binary number added to 1 gives 0? 


8 bit binary number 11111111 
+1 00000001 
sum 100000000 
LAN to ninth 
bit 


The binary number which is all 1s can be 
called — 1. What would —2 be? 


—2 11111110 
*2 00000010 


sum 100000000 


We can take any positive number up to 127 
decimal (01111111 binary) and subtract it 
from 0 (assume there was a ninth bit equal 
to 1 so O is really 100000000). The result- 
ant binary number is called the 2's com- 
plement. The most significant (leftmost) bit 
is a true sign bit in the 2% complement 
notation, but negative numbers have an 
altered magnitude value. When two such 2's 
complement notation numbers are added the 
answer is correct. Consider the previous 
example of adding +3 and —1: 


*3 00000011 
—1 11111111 


sum 100000010 = +2 (in 2's complement 
notation) 


Now consider adding +1 and 3: 


+1 00000001 
—3 11111101 
sum 11111110 = —2 (in 2's complement 


notation) 


One method of finding the 2's com- 
plement of a number has been mentioned 
which required subtraction [rom binary 0, 


А simple method that can easily be done on 
paper, especially if you are prone to making 
errors in binary subtraction like me, is to 
first rewrite the number substituting Is for 
Os and 05 for 15, then add binary 1 to the 
result. For example, the 2’s complement of 
+5 is: 


+5 00000101 
substitute 11111010 
add 1 1 
-5 11111011 


To check, we should be able to take the 
2% complement of —5 and end up with +5: 


-5 11111011 
substitute 00000100 
add 1 1 
%5 00000101 


Substituting 1s for Os and Os for Is is 
called complementing and is usually found 
as an instruction in the computer instruction 
set. Adding 1 is usually available as an 
instruction also. Sometimes both instruc- 
tions can be combined into one step. In 
summary, to make a number negative (if 
you have no negate instruction): 


Clear the accumulator. 

Add the number to the accumulator. 
Complement the accumulator. 

Add 1 to the accumulator. 


Феее 


The accumulator now contains the neg. 
ative of the original number іп 2% com- 
plement notation. One interesting property 
which comes along with this 25 complement 
form is the fact that uff states of the 8 (or 
n) bits are valid and there is only one zero 
state. The largest negative number, however, 
has no positive value equivalent. 

Let's return to the problem of not having 
enough bits to make a big enough number. If 
we use two successive byte size memory 
locations to represent a number we have 2 16 
(65,536) possible numbers. Using 2% com- 
plement notation we can have any number 
from —32,768 to *32,767. If that is not 
enough you can expand in increments of 
eight bits until your needs are satisfied. 
There is a problem now, since the computer 
only operates on eight bits at a time. When a 
number is spread over more than one 
memory location it is called a multiple 
precision or extended precision number. If 
two locations are used for each number it is 
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called double precision; if three are used it is 
called triple precision, ctc. (However, it 
remains a binary number. In large machine 
floating point representations this term- 
inology has a different meaning.) 

One more item needs to be mentioned 
before | describe multiple precision arith- 
metic. All computers have some sort of 
means to detect an accumulator overflow 
(or underflow). In our 8 bit example this is a 
ninth bit at the extreme left of the number. 
The status of this bit can be controlled and 
tested. It increases by 1 when the addition 


An Example of Double Precision Addition 


Resulting Values 
Step Carry 
Number Procedure Bit Accumulator 
| а2 | Clear carry bit and accumulator. КЕН 00000000 
| 03 || Add Аз to the accumulator. o | 11101000 
Add Вэ to the accumulator 
{gives Co іп accumulator). 


Store contents of accumulator in the 


11000100 


00000000 


memory location assigned for Со. 


Set accumulator to 0; preserve status 
of carry bit. 


Rotate accumulator left one bit. lo | 00000001 


Add A4 to the accumulator. i 0 11001110 
Add Ву to the accumulator 00 

(gives C1 іп accumulator). 

Store contents of accumulator in the 000000090 


memory location assigned for C4. 
Set accumulator to O. 


To check, write out all 16 bits and add: 


A-1100110111101000 
B-«0001100111011100 
С = 1110011111000100 

Ау = 11001101 8, = 00011001 
А B 

Аз = 11101000 Bp = 11011100 


The simple addition of two double precision positive numbers, А and B, to obtain 
an answer C. [n this example the subscript 1 denotes the most significant part of the 
number and the subscript 2 denotes the least significant part. To add two double pre- 
cision numbers: 


1. Clear the accumulator to all Os. 

2. Set the overflow, carry (or whatever the extreme leftmost bit is called) to О. Often 
these two steps can be combined into one. 

3. Add А2, the least significant part of A, to the accumulator. 

4. Add Во to the accumulator. At this point the accumulator contains the sum of the 
least significant parts of A and B. If any carry has occurred due to this addition the 
carry bit will be a 1. If no carry has occurred, it will be 0. 

5. Store the contents of the accumulator in the memory location assigned for Cz. Set 
the accumulator to 0, but preserve the state of the carry bit. 

8. Rotate the accumulator left one position. This will load the carry bit from the pre- 
vious addition into the least significant bit of the accumulator. 

?. Add Ay to the accumulator. 

8. Add B4 to the accumulator. At this point the accumulator contains the sum of the 
most significant parts of A and B plus any carry from the least significant parts. 

9. Store the contents of the accumulator in the memory location assigned for Ст. 
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of the eight bits causes a carry and decreases 
by | when the subtraction of the eight 
bits causes a borrow. When a rotate instruc- 
tion is executed this bit receives the most 
significant bit and loads the least significant 
bit on a rotate left. It receives the least 
significant bit and loads the most significant 
bit on a rotate right. This extra bit is known 
by different names, such as overflow, carry, 
and (in the PDP-8) the link. 

The steps shown in the box will vary 
from machine to machine, depending upon 
how the instruction set [5 organized. For 
example, the 6800 instruction set has ADC 
for add with carry input, and the 8080 
instruction. set has a similar variation. In 
these cases, there is no need to rotate the 
accumulator from the carry flag prior to the 
second addition, since the ADC instruction 
lype takes into account the old value of the 
сату. 

How do you do a 2% complement of а 
double precision number? Start with the 
accumulator and carry set to Os. Add the 
least significant part of the number. Com- 
plement and add | аз before. The 
accumulator now contains the 2's com- 
plement of the least significant part, so 
store it. Rotate left to load any carry into 
the least significant bit. Store the contents 
of the accumulator (the carry) in any con- 
venient location. Add the most significant 
part of the number to the accumulator. 
Complement it only. Now add the pre- 
viously stored carry, The contents of the 
accumulator are now Ihe most significant 
part of the 2% complement. As in the 
simple addition case, machines with an ADC 
instruction can often use the previous 
setting of the carry flag as part of the 
addition. 


Addition 


AM computers can add. They typically 
add some specified memory location to the 
contents of an accumulator (a built-in 
memory location in the processor). When 
adding two or more numbers together you 
must be careful not to allow the resulting 
sum to gel so large that you get an incorrect 
answer, For instance, when using 2's com- 
plement notation you can add together 
iwo numbers which are positive and get a 
negative answer if a carry into the sign bit 
Occurs. Also be sure the accumulator and 
carry are initialized to 0. 


Subtraction 


Some — computers do subtraction 
directly, but be careful. They may only 
sublract magnitudes, You have to do 
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checking of each number to see which is 
larger and in what order the subtraction 
takes place in order to determine ahead of 
time what ihe sign should be. Sign bits 
must be set to 0 so they don’t give false 
indication of magnitude. The sign bits must 
be put back into the answer if you are 
using signed number notation. All of this 
takes a lot of extra software and time. If 
you are using 25 complement notation 
you can subtract directly and the sign will 
automatically come out correct. Most of 
the common microprocessors use 2% 
complement notation and have по prob- 
lems subtracting directly. 

If direct subtraction is not possible in 
your computer, all is not lost. Consider 
subtraction by addition of а negative 
number. If you want to perform А-В-С, 
for example, use 2's complement notation 
and first make B negative by taking its 2's 
complement and then add A to get the 
answer C. Notice that even if A or B is 
negative to begin with, the answer will 
still be correct in 2's complement notation 
without any extra software to keep track 
of the sign. This will also work for multiple 
precision numbers. You still have to be 
careful not to use numbers which are large 
enough to cause inadvertent sign bit 
changes. 


Multiplication 


Two problems immediately confront us 
when we consider multiplication. First, if 
you multiply two 8 bit numbers together, 
the result is 16 bits long; and second, you 
simply can't add up 25 complement num- 
bers and always get the correct answer. For 
instance, if you add —3 three times the 
answer would be --9 (equivalent to 3 times 
—3) which is correct, but what would you 
do with a negative multiplicand as in —3 
times 3? To solve this problem and use 
successive addition to do multiplication 
the first step is to convert all numbers to 
a positive absolute value without sign. If 
you have been using 2's complement nota- 
tion it is an easy procedure to convert. 
Rotate left to load the sign bit into the 
carry bit. Test the carry bit. If it is 0, the 
number is positive; if it is 1, the number is 
negative. If the number is positive, just 
rolate right to restore it to its original 
value and set all Os into a location assigned 
to be the sign of the number. If the 
number is negative, first rotate right to 
restore the original, then take the 2% 
complement of it to get the number 
positive and finally, with an all zero 


accumulator, set the carry bit to 1 and 
rotate right. Store this in the sign location. 
What we have done is separate the number 
into its sign and magnitude. Now if the 
signs are added we get the correct sign for 
the answer directly which should be stored 
in а location assigned to the sign of the 
answer, Two generalized techniques may 
be used to find the magnitude of the 
answer. 

Successive addition may be used by 
adding A to itself В times. If the 
instruction set allows decrementing a 
number, use that instruction to decrease B 
by 1 each time you add A to ihe accumu- 
lator until B reaches 0. At that point 
you have the magnitude of the answer. 
If the instruction set allows incrementing 
but not decrementing, first take the 2's 
complement of B and use incrementing of 
the now negative number until it reaches 0. 
The disadvantage of using successive 
addition is that you have to do a potentially 
large number of additions which can take 
a lot of time. 

A second technique that requires only a 
few operations is a direct copy of how you 
do binary multiplication by hand. For 
example, let's multiply lwo 4 bit binary 
numbers by hand: 


ПОТ =A 
X1010 =B 
0000 
1101 
0000 
1101 


10000010 С 


Notice that all we have to do is add А, a 
shifted version of А or 0, depending on 
which digit of B is used and whether it is a 
1 or 0. Notice also that two 4 bit numbers 
produce an 8 bit answer, so if you don't 
restrict the number size, you have to use 
multiple precision shifting and addition. 

A technique that is sometimes useful 
when you want to multiply by a constant 
is to recognize that shifting a number left 
one position is equivalent to multiplying 
by 2. Shifting left two positions is equiv- 
alent to multiplying by 4, three positions 
is multiplying oy 8, etc. By shifting and 
adding the various shifted numbers in a 
fixed format you can do the equivalent of 
multiplying very quickly by a constant. 
For example, to multiply by 5, shift left 
twice and add it to the original: 


5А = (4*1) A = 4А + A 


FOUR TRACER 


“4 Тгисе‹” TTL Adapter Kit for your oscilloscope. 
Chop or alternate display of up to 4 TTL signals. 
Trigger input for alternate mode sync. Scope must 
provide a trigger for alternate mode use. Quiput 1v 
р-р., Built-in 110v pwr supply. $70.00 
SEND TO: NIFTANY DIGITAL DEVICES 
Box 56 iA) 
Penna. Furnace, Ра. 16865 
Please send me "4 Tracer{s)" 
Ра, residents add 6% sales tax, 
I enclose check or money order lor 8 
Mame (print), 
Address 
баў. 
State 
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“LSI-11 vs. 8080 & 6800: 
is the H11 worth 
twice as much?” 


This special report will be sent 
free to all subscribers to 


BUSS 


the independent newsletter for 
users of Heathkit’ computers. 
For the next 12 issues send 
$6.60 to: 


Charles Floto 
267 Willow St. 'B' 
New Haven, CT 06511 
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DISC/3 COMPANY 


COMPLETE MICRO 
BUSINESS SYSTEMS 


SOROC IQ 120 $ 899.95 
Assembled 


LEAR SIEGLER 
ADM-3A kit 


IMSAI 8080 kit 


$ 799,95 


$ 599.95 


CENTRONICS Business $1145,00 
Printer (132 columns} 


Шы 
DISC/3 COMPANY 


1840 LINCOLN BLVD. 
SANTA MONICA, CALIF. 90404 
(213) 451-8911 
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INSTRUMENT CASES 
AND CABINETS 


Excellent for small systems 

Testing & Breadboarding 

Finished in durable Grey-Blue 
Wrinkle 

Various sizes available — Some 
examples: 


8%x101/8x8 — $15.00 Ea. 
8%x121/8x8 — 16.00 Ea. 
10x201/8x9 — 20.00 Ea. 


To order send check payable to 
PAR-METAL PRODUCTS, ІМС. 
Shipment will be made prepaid. 


PAR-METAL PRODUCTS, INC. 
1260 ATLANTIC AVENUE 
Bl BROOKLYN, N.Y. 11216 O 
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CANADIANS! 


Introducing our kit-by-the-month 
plan available for only $500.00 down 
and $150.00 per month. 


{Write for more intormation) 


IMSAI 8080 KIT: $897.50 
ASSM: $1245.20 
Canadian Duty and Federal Tax Included 
Hobby systems from $999.00 (Kit). 
Business/engineering systems from 
.00. 


(Assembled' and Installed’). 


Educational discounts available. We 
will develop custom application pack- 
ages. Contact us for further informa- 
tion. Send $1.50 for catalogue. 

VISA е CHARGEX ACCEPTEO 


Rotundra r ` 
Cybernetics ША 
Box 1448, Calgary, Alta. T2P 2H9 

Phone (403) 283-8076 


finstallation outside Western Canada extra). 
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computer 


depot ne. 
(Credit Cards Accepted) 
3515 W. 70th St., Mpls., MN 55435 
(612) 927- 5601 
* (1 Motorola DII 6800 


° Evaluation Kit. .. $235.00 e 


«ГІ E&L Digi-Designer Kit 
е 


e [] Speech Lab Kit—Talk To 


LÀ 
e 
. 


ГІ National SCMP Kit with 4 

Keyboard ....... $190.00 
Design Your Own 
Circuits. ........ $ 7775 
Your Computer... . $249.00 
[1 2708 Eproms Full Spec 

450NS From ТІ & 

Fairchild $ 16.95 
О iMSAI 8080 Complete 22 

Slots All (C's with Sockets— 

Assem. & Tested ... $850.00 
L] TTL Catalog and Remember, 

We Pay The Shipping. 


Name - 
Address ы 
Part No. Qty. Amt, Enciosed Ld 
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MOTOROLA CRT'S (Used) 


Mod. # XM 351-19 P4 
EXCELLENT CONDITION $60. 


Ready for a composite 
video signal 
Send money orders for 
same day shipment 
Documentation available 
from Motorola 


NORCOM SERVICES 
BOX 98 
SOUTH BERLIN, MA. 
01549 
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SSS 
IT'S A GREAT BIG COMPUTER WORLD 
But You Only Need 


© ІМЅАЈ 8080 
*POLY — 88 
*TOL 2-80 
е Memories & I/O Boards 


* Computer Book Service 
* Magnetic Tapes & Disks 
* Full Line of Magazines 
* Brain Games & Puzzles 
9 Workshops & Club Information 


Visit THE COMPUTER CORNER for 
all vour computer needs. Stop in and 
browse — you'll like our personal service, 


THE COMPUTER CORNER 
White Plains Mall — Upper Leve 
200 Hamutton Avenue 
White Plains, New York 10601 


Tel: (914) WHY «DATA 


Ample Parking 
19% red Е ыы 


AREE EE EARN 
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2-80 
COMPUTER 


$-100 SYSTEM KIT @ў 2-80 CPU 


Р/С BACKPLANE — 10 
SLOTS POWER SUP 
PLIES & MANUALS - 


Mie FOR MEMORY $299 1 


5.100 MODULES & SYSTEMS 
2-80 CPU 2/4 MHz , 
6800/8080 CPU ... 
RAM & PROM or 1/0 option , . 
16K/32K НАМ... 460./860. 
ALTAIR/IMSAI COMPATIBLE SYSTEMS 
N. Star H-1 Z-80 & disc ....1,49 
N. Star Lldisc deve , 
Vector-1 8080 system 
Poly 88 Lidise & video... . 
Seals Вк RAM B/B 
Rack mounting chassis 
Commodore PET 2001 Я 
Compucolor 8001 system. , 2,898. 


COMPUTER SYSTEMS 


313/779-8700 26401 Harper 
St. Clair Shores, Mich. 48081 


"EE E HAE A 
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Division 

Division is the most difficult operation to 
do. First, handle the separation of magni- 
tude and sign as under multiplicatiun and 
use the same technique of adding signs to gel 
the correct answer sign. The problem with 
division is that seldom dues the answer come 
out exactly even. Usually there is a remain- 
der. You have to decide how far you want 10 
carry out the answer and what rules you are 
going to use for rounding off. You may also 
have the binary equivalent of a decimal 
point to consider. 

One method of dividing is by successive 
subtractions. For example, to divide A by B, 
count how many times you can subtract B 
from А before the remainder is 0 or 
negative. If the remainder goes to 0, the 
value of the count is the exact answer. If the 
remainder becomes negalive that means you 
went one step Loo far. Reduce the count by 
1, add B back to A, and test the remainder 
то see how to round off. This will give you a 
whole number answer. |t will also locate the 
binary eauivalent of a decimal point if you 
want to carry the answer further. 

Alternatively, you can add B successively, 
counting the number of times, until the sum 
equals or exceeds A. Equal to A means the 
answer is exact, and exceeds A means you 
went one step too far. 

One very limited type of division is very 
easily done. If you are dividing by 2,4,8,16, 
etc, all you have to do is rotate the number 
to the right the appropriate number of times. 
However, you must be careful of rotating a 
] through the carry bit and having it appear 
in the mast significant bit of the number. To 
avoid this be sure the carry bit is cleared to 
0 before cach rotate. A check of the carry 
bit after the last rotate can be used for 
round off determination. If it is a 1, round 
off the answer to the next higher number. 


Interfacing to a Nonbinary World 


As mentioned earlier, the world is decimal 
oriented and we should be able to talk to the 
computer with decimal digits, and indeed 
our terminals have decimal keys and decimal 
outputs. Our terminals, however, talk to our 
computers in yet another language, usually 
ASCII. 

Notice the codes for the decimal ASCII 
digits O through 9 as seen in any table of 
ASCII codes. If you consider only the least 
significant four bits you have the binary 


value of the associated decimal digit. There 
are two ways of extracting the binary value 
from the ASCII code. You can first load the 
ASCI| character into the accumulator and 
then subtract 0110000 or mask it by 
"anding" the accumulator with 1111. So 
now you have converted one decima! digit 
into its binary equivalent. Unfortunately, 
very often you need more than one decimal 
digit to make the number. The simplest way 
to handle this is to use a fixed format. This 
means you have to enter leading Os so a 
number will always have the same number of 
digits and the order in which they are 
entered defines their decimal rank (units, 
tens, hundreds, etc). Since each digit is now 
known it may be placed in alocation assigned 
to iis rank after it has been converted to 
binary. You now have a fragmented number 
which is not usable for arithmetic. It must 
first be made into a single binary number. 

As an example, let's assume we are using 
a 3 digit fixed format and the decimal 
number we are entering is 27. First we type 
а 0 for the hundreds digit which is stored in 
a location, HUNS, as a binary 0, using 
one of the ASCII to binary conversion 
techniques. Then we type a 2 and a 7 which 
are converted to binary and stored in loca- 
tions TENS and UNITS, respectively. Now 
to make it all one big binary number. 

First test the hundreds digit. It is O in 
this case, so jump to testing the tens digit. 
lt is not 0, so multiply the binary equiv- 
alent of 10 (1010) by the contents of the 
TENS location, in this case 2, and the con- 
lents of the UNITS location, and store it in 
the answer location. In the more general case 
what you do is multiply each decimal digit 
by the binary equivalent of its rank and add 
up all the partial products. Finally, you have 
to convert the binary number into whatever 
notation you are using for doing arithmetic. 

After the arithmetic, or whatever, is 
completed, the next step is Lo outpul it in 
recognizable form (ie: ASCII to the output 
device). The procedure is essentially a 
reverse of the input steps. 

First convert the binary number into its 
fragmented equivalent. Using the above 
example, first subtract the binary equivalent 
of decimal 100 (1100100). In this case, the 
first attempt produces a negative answer, 
which means there are zero hundreds in the 
number and the HUNS location should be 
set to 0. Next try subtracting binary 10s 
until the result goes negative, then add one 


back. The number of times you can subtract 
10s before it goes negative is equal to the 
value of the 105 digit. The remainder is the 
value of the units digit. These digits may 
now be converted to ASCH by simply 
adding 0110000 to each digit location. The 
final step is to transfer each digit (now in 
ASCII} to the output device (TTY or CRT 
terminal, etc) in the proper order. 

It is possible to write a program that will 
work under a variable format for input and 
output to eliminate the need for leading 
Os. This is more complicated since vou 
have to count how many individual entries 
of digits are made and then arrange them in 
reverse order knowing the last entry is the 
units digit regardless of how many digits 
there are. 

One last point: always verify each arith- 
metic program you write, either in the 
computer (best way) or write it out step by 
step by hand. Use extreme values for num- 
bers, like 0, 1, and the maximum num- 
ber your program is supposed to work with. 
Finally, select a number at random and try 
it. If they all work correctly, chances are 
very good your program is totally correct. & 


| 
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LU m АҒ, 
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TENDER BOARD Wi LOGIC PROBE ed қ 
Ё жада parts and a realistic a 
Simplified Control 
Tam a earnan E aata aer waari 
` compatible versions! 
MULLEN COMPUTER OARDS ¥ 


Ours olfers a built-in logic probe (hi. Io. 
and pulse), special edge connector thal 
The OPTO-ISOLATOR/RELAY BOARD (5117) is 
a natural for controlling audio systems, model 
an 8 bll word Irom tha outside world and send 
it back to your machine far handshaking or lur- 
BOX 6214, HAYWARD, CA 94545 AR 
"Products that make your computer useful" vet N 


Л PPP TRR ЛУАРА АЎ PLU UP AP UPC Gg ng nw 
allows clip lead probing, Jumper links In 

Iralns, robot devices ... more uses are dis- 
ther conlrol purpases. 

All kits ace 5-100 Alrair/lMSAi compatible, Avallable by moil Ghip- 

ped posipaid in the USA from stock: Califeinlans add seles tax) or ot 

many fine computer stores. Dealer Inquires invited, 

MMM a ae a П 


Whether for troubleshooting ог analysis, Құ == 
|, | | | | | 
| Mi 
all supply lines, a non-skid needlapaint “ К 
covered daily. as da&cribed in our applications 
COMING ---Heath H-8 
Circle 72 on inquiry card. 


S 
) 


"АР АҒ, 
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SELECTRIC TERMINAL 


14.8 cps print speed 

13 inch line length 

10 ог 12 characters/inch 

B or 8 lines/inch 

IBM 2740-1, 2 line control 
IBM 2740 keyboard/printer 


This deal can't be безі Nol only do you get a quahty 
torminal ine а fraction of ihe cost of anything atse оп 
the market Dut you also gel typewriter quakty Can 
be interfaced ta à mim- or microcomputer or used 
wi BM.computers These terminals ar. worh Ihe 
price of a іурежтиег alone Gur warranty is bed 
M seplacing any defective parts loi a penon of 90 
days following receipt ої equipment Interchange- 


SUPER SALE 
adk print ететі, of course Includes alleacive 


JUST $675 desk Optional documentation package $25 DU 


CALL (313) 994-3200 TO RESERVE 


MATROX VIDEO RAMS 


NCE/Compumad olfers you the leader in 
CRT display controllers. Matrox Viden 
Rams are complete with memory and re- 
quire no processor time lor screen re- 
fresh Whether your application is al- 
Phanumenc. graphic or both, Matrox can 
provide a system to meel your needs. 


MTX 6¢6 Module (Upper Case only) Composite video output m 8 lines of 16 chars. 179 
MTX 1632 Module (Upper and Lower Case) 16 x 32 display includes blink option 228 
MTX 153251 Module (Greal wilh 256**2) Slave sync allows texl superposition 225 
MTX 2480 Circuit Board 24 x 80 requires high-persistence phosphor (P39) 385 
MTX 255" *2 Circuil Board 256 x 256 array graphic (mulliples provide color] 630 
Мгігоу ALT-2480 Alpha-Numeric VRAM 5-100, 24 Ines of 80 char. (needs P39) 295 
Matrox ALT-256°°2 5-100. Video Graphics Board Displays 256 x 256 array 395 


SORENSEN POWER SUPPLY 
$31.50 sincte ps. $60.00 DOUBLE Ps. O 


ono00000 


= precise dc бр = 12v dc (nominal). 2 amp, 25 walt « 2-18 exlendad range • highly 
ragulated-1.2 my + atcapls Iram 105-125y « accepts from 50-400 Hz, single phase • very 
low output ripple 


This super quality power supply, irom Raytheon, uses silicon transistors which gye the 
unit a wide ambuent-lemperalure operating range. Also. as а maintenance fealure. they 
reduce ihe number of components. An excellent mslruction manual is provided which 
includes schematics. parts list and troubleshooting information. 


Name 
Address 

City State Zip 

Charge my BAC/VISA __ M/C. Interbank # 
Card # 


Signature 


П Please send me info on the new Commodore РЕТ 2001 
computer 


Exp. Date — 


Total for goods checked above 


Please add 4% for Shipping/Handling + 4% tax if Mich. 
resident. 


Total Amount 


Limited 90-day Warranty 


Return non-working merchandise жил 90 days lor replacement ог relund. Kils ате war- 
ranted to бе complete wilh working components. Ай items subject to prior sale. 


NCE/CompuMart 


1250 North Main Street, Department BY18 
P.O. Box 8610 Ann Arbor, Michigan 48107 
994-4445 
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1 The Prices? Low! Е 


| B 
E The Stock? On Hand! з 
| e 
- The Deadline For ! 
Е a В 
n Orders? B 
| ig 
| Ы 
E | 
В [| 
| E 
p | 
B Е 
ЕШ Ё 
a B 
А А 
В Card Pri Price 
ar ice rice 
Bear Siegler ADM-3A Kit $764 $7388 
IMSAI 8080 with 22 Slots Kit $614 $890 | 
1 North Star Micro Disk 5 
System Kit $623 $599 
В Polymorphic VTI/64 Kit $182  $175g 
i Comp. Enterp. Extender 
Board with connector $13 $18 L 
lj Comp. Enterp. Cable A 
E for IMSAI $14 $183 Е 
Seals 8K 25005 RAM 
Assmbld. $238 %з2өӨШ 
Е Vector Graphic 8K 450ns a 
RAM Assmbid. $234 $225 
B vector Graphic PROM/ a 
RAM Kit 888 $ 80 
B George Risk ASC II - 
Keyboard Kit $52 $ BO 
Netronic’s ELF II RCA 
ü COSMAC Microcomputer - 
wired & tested $146 $140 в 


- ORDER NOW FOR THESE - 
EXCITING NEW PRODUCTS! 5 


n North Star Horizon 1 
Computer System 

l North Star Horizon 2 

| Computer System 
IMSAI VIO-B Kit $ 254 $ 285 
IMSAI VIO-C Kit $ 297 $ 286i 


Ш Ask For Your FREE Computer Ё 
| Enterprises Catalog Today! | 


| Shipping charges: $10 per CPU on larger units: $1.50 per КИ. $2.00 min | 
per order 


$1497 $1439 J 
$1871 $1799 Е 


Delivery ів stock to 30 days on most Пета. Shipment is immediate for 

i payment by cashier's check, monay order or charge card. Allow 3 weeks 
for personal checka ta clear. N Y. State residents add approp sales 
tax Avallability, prices and specs may change without notice. 


Fayetteville, N.Y. 13066 
8 phone (315) 637-6208 Today! 


Operating Hours: | 
м102547 Write or Call $ 

M Closed Sat. & Sun. | 
E B 
Е A 
E e „тм ü 
LI a 
Ё Р.О. Box 71 B 
Ё a 
a 
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Standard Dictionary of 
Computers and Informa- 
tion Processing, revised 
2nd edition by Martin H 
Weik, Hayden Book Com- 
pany Inc, Rochelle Park 
NJ, 1977, 400 pp, 6 by 9 
inch, hardbound, 816,95, 


Reviewing a dictionary is usually a simple 
straightforward task. How much can one 
really say about a book of definitions? Aside 
from stating whether or not the dictionary 
gets the job done, how else does one discuss 
its attributes? Normally, | would agree to 
let the matter drop with a few quick sen- 
tences. This time, however, 1 don't feel that 
that kind of treatment is really adequate. 

In Weik's dictionary we have the most 
comprehensive collection of computer soft- 
ware and hardware terms | have seen to date 
in one volume. While not as detailed as some 
books have tried to be, Weik's book still 
manages to give clear, concise explanations 
of the items included. This is accomplished 
by liberal use of cross-indexing and by the 
supportive use of excellent illustrations and 
examples. Particularly impressive are the 
electronic diagrams which even a novice 
could understand. 

In addition to the over 10,000 terms 
included from the first edition of the dic- 
tionary, some 2500 terms from areas such 
as microprocessors, minicomputers, com- 
puter networks, modems, coding schemes, 
data base theory, and information theory 
have been added. All of the original defi- 
nitions have been reviewed to ensure that 
they are up to date as well. 

This book is not without its flaws. The 
indexing is quite often confusing, eg: for 
"bus driver" one is told to look under 
"driver, bus." But at least the user is 
directed by the text, which is more than 
can be said for a lot of dictionaries which 
never give a clue as to where to look for the 
definitions of a phrase. There are some 
dubious inclusions, such as the definition 
of "machine," as well as many omissions, 
particularly in the area of microcomputer 
hardware. 

However, this book is good for quick, 
simple, accurate definitions of a lot of 
useful terms. No reference shelf would be 
complete without it. 


Blaise Liffick, Editorii 


Mounting a Paper 
Tape Reader 


Jack Bryant 

Mathematics Department 
Texas АЕМ University 
Collage Station TX 77843 


Severa! months ago | ordered a RAECO 
paper tape reader. It arrived (a near record) 
12 days later. [ts very complete documen- 
tation, seven mimeographed pages, in- 
cluded a mounting template and circuit 
diagram. For $32.50 postpaid, it has to be 
a "best buy" among paper tape readers. But 
where could | mount it? Some unused panel 
space on my SwTPC 6800 processor's box 
seemed ideal. 

The RAECO documentation suggests a 
100 W light bulb 1 foot above the reader 
for illumination. This seemed a little ex- 
treme, and while looking around the junk 
box for something less blinding, | ran 
across a metal snuff box and a brass cable 
clamp. | could vaguely recall having seen 
some automobile lights with a linear fila- 
ment, Sure enough, the Eveready #211 
(two bulbs for $.79 at an auto parts outlet) 
fit exactly. Photo 1 should tell most of 
the story. 

| removed the front panel from the 
computer (this is for a SwTPC 6800 system) 
and used the template furnished by RAECO 
and a sabre saw to cut a hole for the reader. 
| soldered the brass clamp to the lid of the 
snuff box and drilled three holes through 
the lid and panel. | then used 1/8 inch 
aluminum pop rivets in two of the holes 
to fasten the lid to the panel. My cable 
clamp was tight enough to mount the light 
bulb so | didn't have to use any other 
fasteners. [ soldered a wire to the light bulb 
end sticking out and ran it through the one 
remaining hole. (The tip of the bulb base is 
the only place which will take ordinary 
solder.) Figure 1 shows two possible alter- 
natives for a lamp power source; | used 
alternative а. Chassis ground furnishes 
the return. Since the fight bulb is being 
run on (at most) 4 V, it should last forever. 

For the cover, | drilled a few 1/4 inch 
hotes in the snuff box top with a broom 
handle used to back up the top during 
drilling. (Mind your fingers, it tends to slip 
away easily.) | used a file to smooth out the 
rough spots, and then finished everything 
off with a coat of black paint. 

The RAECO optical paper tape reader 
Model TPR-1 is available from RAECO, 
РОВ 14, Readville MA 02137. 


*7-8 V 
UNREG, 
CHASSIS 


E 7 = GROUND 


a: Plain. 


__ CHASSIS 
GROUND 


b: Fancy; DI and D2 can be 1N4001, R 20 
ohms, 10 W. 


Photo 1: The RAECO tape 
reader, installed іп ап 
SwTPC 6800 system with 
an automobile lamp and 
homebrew enclosure above 
the sensors. 


Figure 1: Lamp (L) is an 
Eveready #217 12 V auto- 
mobile dome lamp. T] is 
the SwTPC 6800 power 
transformer. 1 used the 
7,25 Y winding. 
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Notes on Bringing up a Microcomputer 


About the Author 


Sol Libes is an enthus}- 
astic microcomputer user, 
president of the Amateur 
Computer Group of New 
Jersey, а teacher at Union 
County Technical Institute 
in New Jersey, and author 
of several books on digital 
logic and microcomputers. 


162 BYTE january 1978 


The following is my recommended proce- 
dure to follow when building a microcom- 
puter from a chip set. This procedure makes 
the assumption that you've already acquired 
or drawn up a complete set of plans from 
which to wire your computer. Many people 
follow this route, as opposed to the kit 
route, particularly since manufacturers, such 
as Intel, have sold chip sets to schools and 
students at special reduced prices. Designing 
then building a computer is a great way to 
learn about the hardware required in micro- 
processor systems. However, these tips can 
also be used in troubleshooting kits. Getting 
a homebrew computer up and running and 
debugged requires this sort of step by step 
technique, so that elimination of errors is 
made as easy as possible through checkout as 
each new element is introduced. 

Start by wiring up the microprocessor 
chip itself. Connect the power supply lines 
to the integrated circuit socket. Without the 
microprocessor chip in the socket, turn on 
power, check the voltages at the proper 
terminals of the socket and verify that they 
are correct. This is important since micro- 
processors (and other integrated circuits) are 
not very tolerant of incorrect supply vol- 
tages. 

Next, connect up the clock circuit and 
install the microprocessor itself. Turn on 
power and check the clock signal at the pins 
of the microprocessor socket with an oscillo- 
scope. The scope should be a DC coupled 
unit with good frequency response; 20 MHz 


Sol Libes 
995 Chimney Ridge 
Springfield NJ 07081 


or better is desirable but in a pinch a 10 
MHz scope can be used. Check that the 
correct phase relationships exist between the 
clock pulses. For example, with the 8080 
microprocessor the pulse widths and spacing 
are quite critical, and must be within the 
specifications on the manufacturer's data 
sheet or strange things can happen. Be sure 
the clock frequency is correct. An oscillo- 
scope can typically measure this to about 5% 
accuracy, with higher accuracy possible if 
you calibrate against a reference frequency 
or use a good frequency meter instead. In 
systems utilizing programmable timers, in- 
correct clock frequency can cause interface 
problems. 

If everything checks out so far, then it is 
time to let the microprocessor chip execute 
an instruction. Still without any memory 
connected, the microprocessor can execute 
an instruction. 

For example, on the 8080, we can tie the 
data lines low causing the execution of a 
NOP (00) instruction. An even better proce- 
dure is to let the data and memory address 
lines float (nothing connected). This will 
cause the RST7 (FF) instruction to be found 
on the data lines. This restart instruction will 
execute a call to a subroutine, an operation 
which pushes information onto the stack 
(which does not exist at this time). Since no 
memory is present, and the instruction does 
not,change, an "infinite loop" of RST7 
instructions results. The net result is that the 
address lines gf the processor will scan 


through all the addresses іп memory as 
return addresses are continually pushed onto 
the stack. The 8080 processor will continue 
cycling through all the memory address 
locations, even though no memory is con- 
nected. Similar test conditions can be estab- 
lished with other microprocessors as well. 

Now, with the memory still disconnected, 
connect an oscilloscope to each address line 
and check that it is cycling through the 64 К 
addresses of a 16 bit address space. You 
should see a count in binary fashion as 
shown in figure 1. 

If any of the adjacent memory lines are 
shorted together, a very common problem, 
you will see the lines changing together. In 
this case, check carefully for solder bridges 
{if your pracessor was built from a kit) or 
shorts (if hand wired) between adjacent 
memory address lines. If there is no signal on 
any line, check for disconnections. Be sure 
that the addressing is sequencing in the 
correct binary order before procecding fur- 
ther, for the processor must produce a valid 
address sequence under dummy instruction 
conditions if it is to do useful processing 
later. 

If you use the NOP (no operation) 
instruction the same pattern should be ob- 
served; the usc of a NOP instruction is 
required in most processors for this test. 

In many processor designs, a set of buffer 
integrated circuits is used to isolate the 
external address and data buses from the 
processor in order to provide a higher power 
drive capability. |f your processor design 
employs such buffering circuits, the next 
step is to wire up the sockets for these 
buffers and associated control logic. Then 
you should install the buffering integrated 
circuits after checking all power wiring. 
Then the tests performed for the processor 
alone can be repeated, looking this time at 
the outputs of the address buffers, and using 
the data bus buffers' system side to present 
the RST? (8080) or NOP instruction to the 
processor side of the data bus buffers. 

If everything is correct to this point, then 
connect up the memory. Wiring up a mem- 
ory board is done in a manner quite similar 
to that used in getting the processor itself 
going. The first step is to complete all wiring 
and check out power voltages at the memory 
integrated circuit sockets. Then plug the 
board into the system and repeat the proc- 


essor address test described previously to 
verify that the address lines at the typical 
memory socket and at inputs to decoding 
logic are functional. The low order lines of a 
memory address typically go directly to 
memory integrated circuits. 

After the directly connected address lines 
are verified in the system, turn off power 
and plug in the integrated circuits for ad- 
dress decoding of the high order address 
lines to the memory board. With the system 
powered up again, repeating the NOP loop 
test should show decoding of the memory 
board select for some percentage of the time 
it takes to cycle through all addresses, and 
decoding of various chip selects for a smaller 
percentage. of time. Thus if the memory 
board is an 8 K byte board with 4K bit 
static chips, board select should be decoded 
1/8 of the time (12.5 percent duty cycle) 
and chip select for each 4 K byte segment 
should be decoded 1/16 of the time (6.25 
percent duty cycle) as the processor cycles 
through all possible addresses. 

Once decoding of the memory board has 
been verified, remove power again, and 
install all the memory integrated circuits of 
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Figure 1: Much of the behavior of a system сап be checked out simply by 
looking at the address bus: the lines which contain the processor's current 
requests to memory address space. The simplest initial test of a processor is 
some form of null operation loop which continuously scans ай possible 
addresses in memory address space. When observed with ап oscilloscope, such 
a loop (see text) will produce a regular set of square waves with the fowest 
frequency on the high order address bit and the highest frequency on the low 
order address bit. Here we see the expected scope display as the probe is 
applied (top to bottom) to address bits Ag thru A д. 
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the system as well as memory board output 
bus drivers. 

At this point, we make the assumption 
that your processor design includes some 
method of setting the contents of memory. 
This might be a set af toggle switches which 
can take over the address and data bus from 
the processor in order to load memory. It 
might also be use of a read only memory 
monitor program which you write, thor- 
oughly desk debug, and program into read 
only memory circuits. Whatever the method 
is, the details necessary for loading memory 
manually must be wired up and tested next. 
Now try entering a very short program 
which will put the processor in a tight loop. 
The shortest and simplest loop possible is à 
single jump instruction, repeatedly jumping 
to itself, For example, on the 8080, if the 
program should be located at hexadecimal 
memory address 0000 it would be as fol- 
lows: 


0000 СЗ 00 00 JMP 0000 


When this program is executing, check 
the memory address lines and data lines with 
the scope. You will observe the memory 
address lines counting only the three ad- 
dresses and at the first address time hexa- 
decimal C3 should be observed on the data 
bus lines, At all other times the data bus 
should be hexadecimal 00. 

If things lock good so far, then wire up 
an output port {00 is a good one for an 
8080). As with the other segments of the 
design, the wiring of the output port sockets 
comes first, then power pins are tested 
thoroughly. Finally, the appropriate inte- 
grated circuits are inserted into the sockets 
of the IO port logic and we can proceed to 
check it out. In this example, a simple 
latched 8 bit output port is used for pur- 
poses of illustration. Write a minimum pro- 
gram to check its operation. The following 
littie program can be used on the 8080: 


0000 рз 00 OUT 00 
0002 C3 00 00 ІМР 00 00 


This very tight loop will cause a pulse to 
be generated on the "out" control line. 
Check for the presence of this pulse. Check 
Lhe memory address lines for the correct 
counting pattern and the data lines for the 
proper data patterns. This should be done 
with the scope synchronized by the out 
pulse which occurs once each time around 
the loop. With the scope synchronized in 
this manner, it is possible to check the 
memory address lines and data lines to be 
sure that the correct logic levels are occur- 
ring at the proper times in the execution 
loop. 


If operation is not correct check the data 
lines for shorts or opens. Shorts usually 
occur between adjacent lines which means 
that identical bit patterns will be observed 
on adjacent lines. Opens lead to missing bit 
patterns on the open lines. 

Now check the operation of the output 
port with the following 8080 program loop: 


0000 3C INR A 
0001 D3 00 OUT 00 
0003 C3 00 00 IMP 0G 00 


This will cause a binary count bit pattern to 
appear on the data lines of 8080 output port 
00. These lines should be checked with the 
scope. Again check for shorts between adja- 
cent lines and opens. 

If operation of longer programs is not 
correct, but the previous short loops oper- 
ated correctly, then check for swapped high 
order memory address lines, This will usually 
cause unexpected jumps in the execution of 
the program. Or if the processor seems to be 
executing every other instruction, check for 
an open address line. 

A final thing that you should do after 
you get the system running is to look at the 
response times on the bus. Check to see that 
the data coming back to the memory is 
within the proper timing relationships as 
found in the manufacturer's specifications. 
Check to be sure that the data is stable 
before the microprocessor strobe occurs. 
Problems may be caused by slow memory 
chips and can lead to unexpected random 
errors in execution of a program. Such 
specifications should be checked under 
"worse case” conditions (such as at elevated 
temperatures} so that when normally run- 
ning the system timing errors do not occur 
with any significant probability. 

These steps are typical of the methodical 
process of checking out (and building) a new 
computer system. The considerations dis- 
cussed here are typical, but by no means 
cover all the possible systems and all possible 
conditions to check out. Once you get to the 
point of executing programs, most of the 
crucial steps have been successfully accom- 
plished. 

A key point to remember is that digital 
hardware only does what you tell it to do by 
way of design and wiring. Finding bugs in 
new hardware, like finding bugs in programs, 
is а process of setting up key conditions of 
the system then checking actual responses 
against those to be expected if the system 
were working perfectly. |t requires a will- 
ingness to learn to understand the ex- 
pected modes of operation, plus a bit of 
ingenuily.@ 


Technical 


A Note on 
Advances in 
Technology 


Paul Robinson 
932 Olive Av 
Coronado CA 92118 


A Note on Advances in Technology 


Since it seems that megaword computers 
are of high interest, readers might be inter- 
ested an article in the May Scientific 
American, page 36, about ‘Amorphous 
Semiconductors” for memory apptications. 
This development offers higher density, 
lower complexity, lower costs (because of 
manufacturing method) and higher reliabi- 
lity than any of the recently marketed 
magnetic bubble memory systems, plus 
the cycle times are far below anything 
in common use, 50 to 100 ns and even lower 
times anticipated in the near future. After 
reading about ‘Amorphous Semiconduc- 
tors” it is very apparent that they are going 
to play a major roll in changing the world of 
computing on a scale matched only by that 
of the innovation of LSI chips a few years 
ago. I'll be watching BYTE for further 
developments in this line. 


See also а recent Scientific American 
article on the physics of synchrotron radi- 
ation, and the possible effect of small X-ray 
synchrotron technology on the fabrication 
of ordinary crystalline integrated circuits 
with X-ray lithography. The article “Uses of 
Synchrotron Radiation" was in June 1977 
Scientific American, written by Ednor M 
Rowe and john H Weaver. The reference 
to X-ray lithography is found on page 41 
end begins “Further afield, synchrotron 
radiation promises to transform the tech- 
nology employed іп making integrated 
circuits, ,."m 


DATALYZER...a 24 channel 
Bus 


Logic Analyzer for your S100 
27 


“Жж 


24 Channel LOGIC ANALYZER, complete with 2 cards and 3 sets of probes. 


Features 


— 24 channels with 256 samples each. 

— Display of disassembled program flow. 

— Dual mode operation — external mode analyses any external logic 
system. Internal mode monitors users data and address bus. 

— Selectable trigger point anywhere ín the 256 samples. 

— 0-16 bit trigger word format or external qualifier. 

— 8MHz sample rate 

— Synchronous clock sample with coincident or delayed clock mode. 

— User defined reference memory. 

— Displays and system control through keyboard entry. 

— TTL Logic level compatible (15 pf and 15 wa typical input loading.) 


mimm 
пп 


Displays іп Hex Display of disassembled 


program flow. 


Displays in Binary 


The DATALYZER 

Designed to plug easily into your S-100 Bus, the DATALYZER is a 
complete system —— for only $495. Display of disassembled program 
flow is a standard feature, not an extra. And the low price includes 30 
logic probes, so you can hook up immediately, without additional 
expense. 


The DATALYZER is available in kit form ($495), and as a fully 
assembled device on two PCB's ($595). Operators’ manual $7.50. А 
substantial warranty, and the Databyte, Inc. commitment to service 
make the DATALYZER a worthwhile investment. 


7433 Hubbard Avenue 
Middleton, Wisconsin 53562 
Tel: (608) 831-7666 


Databyte, Inc. 
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Simplicity itself to complete. No other parts required, no 
crystal réguired. The back of the touch pad has etched & 
drilled oard and you solder the encoder chip to it. Add 
your owhgemall speaker & 9 volt battery and you аге done. 
A touch of the pad produces the proper tone signa! from 
the speaker. We furnish schematic and instructions. 


SP-149-B $12.95 


TOUCHTONE ENCODER CHIP 


Compatible with Bell system, no cry- 
stal required. ideal for repeaters & 
w/specs. $6.00 


VIATRON CASSETTE 
DECKS 


The computer cassette deck alone 
$35. Set of Control boards for 
above $40. 


diagram. 


TOUCH TONE ENCODER KIT 


WIRE WRAP WIRE 
TEFZEL biue #30 Reg. price 
$13.28/100 ft. Our price 100 ft $2.00; 
500 ft $7.50. 


MULTI COLORED SPECTRA WIRE 


Footage 10° 50° 100: 
8 Cond. #24 $2.50 9.00 15.00 
123 * 22 3.00 11.00 18.00 
14 ” 22 3.50 13.00 21.00 
24 " 24 5.00 20.00 30.00 
29 ” 22 7.50 28.00 45.00 
Great savings as these are about 1/4 
book prices. All fresh & new. 


LAMBDA POWER SUPPLIES 


LM-D-12-OVP 12 volts DC 10 amp 
$60, LV-EE 5-OVP 5 VDC 74 Amp 
$75.00 


VIDEO DISPLAY from Viatron systems. Accepts 
composite video signals. 9 inch transistorized 
CCTV black & white CRT monitor. Ready to go, 
checked out. 115 volt AC 60 cycle. With circuit 


$75.00 


FAST CHARGE AA NICADS $1.25 each 


IR NIGHT VIEWER $199.00 


Custom made, complete with light source & viewer in one 
piece. Comes with carrying strap. Ready to operate with 6 
volt lantern battery. Guaranteed by the manufacturer. See in 
total darkness. Great for scientists, viewing nocturnal animals 
& birds, criminal investigation . . . observe without being ob- 
served, and a ball for just plain snoopingl!!! Sorry to say but 
no shipments to Calif. (lens may vary slightly from pic) 


SPL-21 $199.00 


Please add shipping cost on above. Minimum order $10 


// FREE CATALOG NOW READY # SP-10 
"TJ P.O. Box 62, E. Lynn, Massachusetts 01904 


BYTE January 1978 


Circle 60 on inquiry card. 


Career Opportunities 
with vigorous New Firm 


Jain this "start-up" operation on the SAN 
FRANCISCO PENINSULA manufacturing low 
cost computer equipment, . , 


m SENIOR TECH WRITER 


Lead responsibility for hardware and software 
publications far a small husiness. 


m APPLICATIONS PROGRAMMERS 


Familiar with Basic and COBOL. Exp. program- 
ming business-oriented packages. 


Attractive salary structure, complete benefits. 
Contact DURANGO SYSTEMS, 10101 Bubb 
Road, Cupertino, СА 95104. (408) 996-1001. 


REMEMBER THE NAME 
DURANGO SYSTEMS INC. 


WE'RE WORTH YOUR TIME... 
WE COULD ВЕ YOUR FUTURE! 
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TYSON'S CORNER, VIRGINIA 
IWASHINGTON, D.C. AREA) 


THE 


COMPUTER SYSTEMS 
STORE 


"Specializing in Systems" 


FEATURING: 


Processor Technology 
Poty Morphic 


маски Graphes 


Apple 
СВОМЕМСО 


COMPUTERS FOR HOME, SCHOOL & SMALL BUSINESS 
Our stat wil help you select Irom me best of each тағайас- 
lurer tc complete Ihe sysiern basi sinten lo your needs 


SPECIAL: LEAR-SIEGLER ADM ҘА 


(қ: Jg 8) COMPUTER SYSTEMS STORE 


1984 4 CHAIN BRIDGE HOAD. McLEAN, VA. 22101 
TELEPHONE (703) 821-8333 


OPENING SOON 
ALEXANDRIA YA «NÜRFOLK, VA «BALTIMORE MD е ORLANDO FLA 
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ra you in the process of de- 
signing a turn-key computer 
system? 


o you have problems inter- 
facing tha hardware? 


Than you need tha hardware specialist 
COMPUTER MACHINE SERVICE. 


CMS i іп the business of assembling and repairing 
of inferecomputers and equipment. 


CMS is not (n the business to sell computer equip. 
ment, 


Our primary objective is to provide assembly service 
of the highest quality as well as prime quality repair 
service on microcomputers and data communications 
equipment. 


For information call: 213-328-9740 
or 213-328-9760 


Or write: Computer Machine Service 
2909 Oregon Court 
Torrance, CA 90503 


FOR ALL YOUR HARDWARE PROBLEMS 
CMS IS THE ONE TO CALL. 
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computer 
depot". 
(Credit Cards Accepted) 
3515 W.70th St., Mpis., MN 55435 , 
(612) 927-5601 
SOFTWARE GOT YOU STOPPED? * 
If you have a single Northstar Disk, è 
we can offer you fully-tested and 
documented packages for the fol- ° 
lowing: . 
General Ledger with е 
Рауго!..,........ $76.00 
Mailing List with Coded а 
Sort, Zip Cade Sort, and о 
Last Name Sort ...... $75.00 T 
inventory Control. .... . $75.00 
Other packages soon!! Write or call . 
for details. Dealer inquiries eh- e 
couraged. “ 


Name . 
Address е 
Bart No. Qty. Amt. Enclosed @ 
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8K EPROM CARD 


16 MM5204Q EPROM (512 x 8) 
SS50 BUS compatible (SWTPC) 
Double sided PC board 
ALL ADDRESS & DATA lines are 
BUFFERED 
Jumper or switch selectable to 
any 8K location 
BOARD AND EDGE CONNECTOR 
$26.00 


Kits not available 


IN DESIGN 


COSMAC 1802 Cards for SS50 BUS 

Mother boards for COSMAC 1802 

5204 EPROM Programmer Cards 
(SWTPC Compatible) 


DIGITAL SERVICE & DESIGN 
P, О, Box 741 
Newark, Ohio 43055 
Order direct by check, VISA or 


MASTER CHARGE. Ohio residents 
add 47476 sales tax. 
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THE 

: COMPUTER Б: 

=== HARDWARE = 
STORE INC. 


Dealers for: 

APPLE И, IMSAI 
VECTOR GRAPHIC, KIM-1 
TECHNICO, OAE 
CYBERNEX, JIM-PAK 
TERMINALS, PRINTERS 
BUSINESS SYSTEMS, BOOKS 
SOFTWARE AND MUCH MORE 


CATALOGUE AVAILABLE 


818 Frankin Street 9 West Cary Street 
Alexandria, Virginia Richmond, Virginia 
(703) 548-8085 (804) 780-0348 
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TEXAS 


Computer Headquarters for 
Houston & Austin 


Get honest help from our experi- 
enced expert personnel in selecting 
kit or assembled equipment and 
applications programs. 

ee us for Cromemco, Veclor 
Graphics, TEI, TDL, IMSAI, PerSci, 
Soroc, Lear Siegler, Poly 88, Diablo, 
Ti-810, апа AJ-841 


Hours: 12-8:30 p.m., Mon.-Sat. 
MOS 


Microcomputer Origin Store 

Ом. of CPU Corporation 

Houston: 1853 Richmond, 527-8008 
Austin: (512) 476-8040 
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COMPUTER MART 
OF 
NEW HAMPSHIRE 


DEALERS FOR: 
TOL СОМ hx 


- 
“ІЗІ AND MANY MORE 


170 MAIN STREET 
NASHUA (603) 883-2386 
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CALIFORNIA 
APPLIED 
TECHNOLOGY 


32K-MEMORY CARD-$410 
5-100 STATIC KIT 


2708E-PROM-$14 


2708 PROGRAMMED-$20 
WITH 8080 SYSTEMS MONITOR 


80 MAJOR COMPUTER PRODUCT LINES 
AND AN EXHAUSTIVE LINE OF 
ELECTRONIC COMPONENTS 


COMPUTERS 

HARDWARE AND SOFTWARE 
CUSTOM HARDWARE AND SOFTWARE 
RESEARCH AND DEVELOPMENT 


P.0. BOX 1239 
TWENTYNINE PALMS, CA. 82277 
714-387-8998 


FREE BASIC PROGRAM AND CATALOG 
“ALEX 15 COMING’ 
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The Motorola 6809: Some Rumors from Austin 


Notes by Carl Helmers 


For some time now, jt has been 
general knowledge that Motorola is 
working on a new design for a micro- 
processor to be made available at some 
unspecified time in 1978. Recently, | 
elicited some advance information that 
suggests some of the major features of 
the new Motorola 6809 design: infor- 
mation well worth sharing with readers. 

The new Motorola 6809 is going to 
be an evolutionary design improvement 
creating a major new processor architec- 
ture that will be a joy for both low tevel 
programmers and designers of systems 
programming. One of the major enhance- 
ments is the increased ability to do 16 
bit arithmetic and indexed addressing 
relative to the older 6800 design. A run- 
down of the new architecture reveals the 
following features: 


9 The À and B registers of the 6809 
act like the separate accumulators 
of the 6800, but can also be con- 
catenated A:B to become the 16 
bit "D" accumulator (double 
accumulator). This D accumulator 
can be used for the usual 16 bit 
arithmetic operations of addition, 
subtraction, load, store, and com- 
parison. 

@ Expansion of the indexing capa- 
bilities with the inclusion of a 
second "Ү” index register 16 bits 
wide, thus allowing the processor 
to maintain two 16 bit index 
registers, As anyone using the 
6800 can attest, a major portion 
of the code often boils down to 
loads and stores of the index re- 
gister in order to use memory to 
emulate existence of two index 
registers. This technique will not 
be needed with the 6809. 

® Addition of one more 16 bit 
stack pointer, the "user stack," 
which can be used together with 
the existing systems stack to 
enhance data management tech- 
niques. 

* And of course, with a wealth of 
16 bit pointers in the processor, 
the 6809 design implements all 
the register to register transfer 
Operations and register to 
memory (memory to register) 
transfers one might expect, in- 
cluding stack operations. 

9 With all this machine state data 
sitting around in the processor, 
what happens when an interrupt 
occürs? People have occasionally 
complained about the time taken 
by the complete state save done 
by the 6800 in response to an 
interrupt; the wealth of data on 
the 6809 compounds this timing 
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problem. Motorola’s answer with 
the 6809 is to create a new 
additional hardware interrupt in- 
put line, the “fast interrupt” line, 
which accomplishes the vectoring 
of the interrupt while saving only 
the return address and the соп- 
dition codes, (When such fast 
interrupts are used, it is of course 
the programmer’s responsibility 
to take care of preservation of 
any registers or machine state 
information used in the interrupt 
handling routine.) 


Care and Attention to Addressing 


With all the 16 bit pointers present in 
the 6809 design, one might ask: “Why?” 
The basic reason for incorporating such 
pointers in the design is to achieve a 
number of benefits in the process of 
Calculating addresses. Since in any large 
system, a good portion of the tricky 
problems of software design concern 
allocating and managing memory address 
Space resources, this makes the 6809 
a very attractive high level language 
machine. Features concerned with 
address caiculation include: 


@ Extension of program counter 
relative references beyond the 
concept of relative branches (and 
long relative branches) to include 
data references using the program 
counter as an index or base re- 
gister. 

* Addition of a fast multiplication 
(8 bit operands, 16 bit unsigned 
product) operation to enhance 
calculation of array offsets in high 
level language code. 

© Existence of the user stack con- 
cept for data management inde- 
pendent of program flow manage- 
ment at run time. 

ФА full complement of indexed 
addressing modes, with 0, 5, 8, 
or 16 bit offsets, allowing in- 
directing, — "auto increment” 
or “auto decrement" indexed 
references with increments of 
1 or 2, from either index register 
or either stack pointer. 


Miscellaneous Hardware Features 


All this attention to the software 
orientation of the 6809 architecture by 
the engineers at Motorola is not without 
equivalent attention to the hardware 
details. Useful new hardware features 
include an on chip clock design which 
requires simply an external crystal to set 
frequency, a slow memory wait line 
which allows for long memory access 
cycles (or contention in multiprocessor 
systems), and the introduction of ап 


instruction fetch synchronization signal 
that can be used to advantage by hard- 
ware hackers who want to know when 
instruction is begun for reasons as varied 
as the number of systems applications 
for such a machine. 


Anticipations. . . 


This information on the Motorola 
6809 is a substantial rumor about 
current information on the design; 
further details must await final design, 
which is currently in progress. But from 
what |'ve heard to date, it looks like the 
6809 is well on its way to becoming 
a Software oriented "dream machine" 
among microprocessors. Readers can 
expect more definitive information on 
this processor toward the middle or end 
of 1978 when Motorola releases more 
official information. Perhaps we'll see 
some personal computer products with 
the 6809 as their central processors 
toward the first part of 1979, Designers 
of new products in that time frame 
would be well advised to take a look at 
whatever preliminary information 
Motorola can be cajoled to release about 
this new product. s 


MICROGS 
LAB MANUAL 


Electronic Product 
Associates, Inc. 


6800 Based Self-Study Course 


Designed for use with the Micro-68a 
microcomputer trainer, this 90 page 
microprocessor self-study course teaches 
concepts through simple exercises in- 
volving actual use of the computer. 
The Місго-68 Lab Manuail includes 
13 chapters, each one a complete lesson 
on topics such as input output, inter- 
rupts and-the basic instruction set, The 
manual is $5, and the Micro-68a com- 
puter is $544,50 complete with key- 
board, power supply and cabinet, from 
Electronic Product Associates Inc, 1157 
Vega St, San Diego CA 92110, {714) 
276-891 1.m 
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1 MODEM Part по, 109 


Type 103 

Full of half duplex 

Works up to 300 baud 

Originate or Answer 

No coils, only low cost components 

TTL input and output 

Connect 8 ohm speaker and crystal mic. directly to board 
Uses XR FSK demodulator 

Requires *5 volts 

Board only $7.60, with parts $27.50 


2 RS-232/TTL INTERFACE Part no. 232 
Converts TTL to RS-232, and converts RS-232 to TTL 
Two separate circuits 

Requires +12 and —12 volts 

All connections go to a 10 pin gold plated edge connector 
Board only $4.50, with parts $7.00 
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3 ТАРЕ INTERFACE Part по. 111 


Play and record Kansas City Standard tapes 

Converts a low cost tape recorder to a digital recorder 
Works up to 1200 baud 

Digital in and out are TTL 

Output of board connects to mic. input of recorder 
Earphone of recorder connects to input on board 
Requires +5 volts, low power drain 

No coils 

Board only $7.60, with parts $27.50 


4 TELEVISION TYPEWRITER Part no. 106 


Stand afone TVT 

32 char/line, 16 lines, modifications for 64 char/line included 
Parallel ASCH (TTL) input 

Video output 

1K on board memory 

Output for computer controlled curser 

Auto scroll 

Non destructive curser 

Curser inputs: up, down, left, right, home, EOL, EOS 
Scroll up, down 

Requires +5 volts at 1.5 amps, and - 12 volts at ЗОтА 
Board only $39.00, with parts $145.00 
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5 UART and BAUD RATE GENERATOR Part no. 101 


Converts serial to parallel and parallel to serial 

Low cost on board baud rate generator 

Baud rates: 110, 150, 300, 600, 1200, and 2400 

Low power drain +5 volts and -12 volts required 

TTL compatible 

All characters contain a start bit, 5 to 8 data bits, 1 or 2 stop 
bits and either add or even parity 

All connections go to a 44 pin gold plated edge connector 

Board only $12.00, with parts $35.00 


6 RF MODULATOR Part no, 107 


Converts video to AM modulated RF, Channels 2 or 3 
Power required is 12 volts AC C.T., or +5 volts DC 
Board only $4.50, with parts $13.50 


4K/8K STATIC RAM Part no. 300 


8K Altair bus memory 

Uses 2102 Static memory chips 

2-4K Blocks 

Blocks can be addressed to any of 16 4K sections 
Vector input option 

TRI state buffered 

Board only $22.50, with parts $160.00 


TIDMA Part no. 112 


Tape Interface Direct Memory Access 

Record and play programs without bootstrap loader (no prom} 

Has FSK encoder/decoder for direct connections to low cost 
recoder at 625 baud rate, and direct connections for inputs 
and outputs to a digital recorder at any baud rate 

S-100 buss compatible 

Comes assembled and tested for $160.00 


APPLE 1 MOTHER BOARD Part no. 102 


10 slots -44 pin (.156) connectors spaced % inch apart 
Connects to edge connector of computer 

Pin 20 and 22 connects to X & Z for power and ground 
Board has provisions for by-pass capacitors 

Board costs $15.00 


7 D.C. POWER SUPPLY Part no. 6085 

Board supplies a regulated +5 volts at 3 amps., +12, - 12, and - 5 
volts at 1 amp 

Board has filters, rectifiers, and regulators 

Power required із 8 volts AC at З amps., and 24 volts AC C. T. 
at 1.5 amps 

Board only $12.50 


Ө — —— 


TO ORDER 

Mention part number and description. For parts kits add "A" to 
part number. Shipping paid for orders accompanied by check, 
money order, or Master Charge, BankAmericard, or VISA 
number and signature. Shipping charges added to C.O.D. orders, 
Calif. res. add 6.5% for tax. Parts kits include sockets for al! ICs, 
components, and circuit board. Documentation is included with 
all products. Dealer inquiries invited. 


ELECTRONIC SYSTEMS 


P.O. Box 212, Burlingame, CA 94010 
(408) 374-5984 
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A Personal Computer from Olivetti 


The Olivetti P6060 Personal Mini- 
computer features built-in extended 
BASIC, a printer with plotting capa- 
bility and a wide variety of interfacing 
options for peripherals. The system 
includes up to 80 K bytes of program- 
табе memory accommodating both the 
operating system and a user working 
file (8 К to 48 К bytes), single or 
dual drive floppy disk, 32 character 
upper and lower case ASCII display, 
80 column, 80 character per second 
thermal printer, and a keyboard with 
special function keys and 1 key abbrevi- 
ations for most BASIC keywords. The 
printer features graphics supported 
by system software for scaling, framing, 
offsetting, axis drawing апа alpha- 
numeric labeling. The extended BASIC 
features random file handling and 
matrix operations. Two standard char- 
acter serial ТО ports, ап RS232 interface, 
and a direct memory access (DMA) 
channel are available for interfacing the 
P6060 to a wide variety of devices. A 
basic configuration with 8 K user 
memory and a single floppy disk is 
priced at $7950, while a system with 
16 K user memory and dual drive floppy 
costs $10,000. For more information 
contact Olivetti Corporaton of America, 
Personal Minicomputers, 500 Park Av, 
New York NY 10022, (212) 371-5500. 
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SYSTEMS 


Complete Disk Based System for $2599 


The complete OSI Challenger system 
includes a 6502 processor, 16 K of pro- 
grammable memory, a system monitor 
and disk bootstrap in ROM, a floppy 
disk based on the GSI 110 drive, and 
a stand alone CRT terminal with a 
Sanyo video monitor. Software includes 
a disk operating system, a disk based 
assembler and editor, a debugger with 
breakpoint, high speed dump and 
disassembly capabilities, and an 8 K 
disk based BASIC with multidimensional 
arrays, strings, a full complement of 
mathematical functions, and machine 
language access features. The complete 
system is priced at $2,599, or $2,099 
without the CRT terminal and monitor. 
Options include a dual drive floppy disk 
for $1,590, and 13 accessory boards 
which provide up to 192 K bytes of 
Programmable memory, 16 K bytes of 
EROM, digital to analog and analog to 
digital conversion, parallel and serial IO, 
cassette interface, video graphics display, 
and multiprocessing capabilities. Also 
offered are two dot matrix printers by 
OKI Data, the CP110 which prints 
80 character fines at 65 lines per minute 
for $1,500, and the Model 22 which 
prints 132 character lines at 125 lines 
per minute with upper and lower case 
and form size control for $2,900. The 
Challenger is available from Ohio 
Scientific Instruments, 11681 Hayden 
St, Hiram OH 44234, (216) 569-7905.и 
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Intelligent Terminal with 
Floppy Disk 
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The Omron 8035 combines an 8080 
based programmable intelligent terminal 
with a floppy disk subsystem to create a 
complete program development facility. 
The system includes 20 K to 65 K bytes 
of programmable memory, 500,000 
bytes of space on a dual drive floppy 
disk, ап RS232 interface operable at 
rates up to 9600 bps, and an FDOS 
operating system with editor, assembler 
and debugger. Priced from $7,200 in 
single quantities depending оп the 
configuration, the 8035 is available 
from Omron Electronics Inc, 432 
Toyama Dr, Sunnyvale CA 94086, 
(408) 734-8400." 
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16 Bit Computer Features 
National PACE 


This fully assembled unit offers an 
expandable system built around the 
National PACE 16 bit microprocessor. 
The Micro M16 comes with an EROM 
bootloader, low and high speed current 
loop and RS232 serial ports, and two 
1200 bps audio cassette ports. A mother 
board accommodates up to four memory 
cards, each with 16 K 16 bit words of 
programmable memory, four IO cards, 
and an optional front panel card. A 
parallel 10 port card includes two 16 
bit input and two output ports as well 
as EROM sockets for IO device handler 
software. System software includes an 
8 K macroassembler, a linking and reto- 
cating loader, a conversational editor 
and a debugger with spanshot and break- 
point capabilities. The M16 provides 
8 K PACE BASIC which features direct 
10 and, memory access, waits for input 
or timer, built-in hexadecimal conversion 
and program tracing for debugging pur- 
poses, as well as the usual BASIC lang- 
uage features. Enclosed in a gunstock 
walnut veneer cabinet, the M16 is avail- 
able from Micromega Corporation, 
11311 Stemmons F wy, Suite 12, Dallas 
TX 75229, (214) 231-4777. = 
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OSI's Model 500 Computer 


Ohio Scientific has announced the 
new Model 500 processor board can be 
used as a stand alone computer or as the 
processor in a larger system, The board 
accepts 8 K or read only memory, 4 K of 
programmable memory, 750 bytes of 
programmable read oniy memory, an 
ACIA-based serial port, a 6502 
processor, and full buffering for ex- 
pansion. |t is available completely 
assembled with an 8 K BASIC package 
for $298. 

The Model 500 is software and hard- 
ware compatible with Ohio Scientiflc's 
400 kits and Challenger products. The 
board is available enclosed with power 
supply as the Model 500-1 for $429, and 
in an 8 slot Challenger case as the Model 
500-8 for $629. For further information, 
contact Ohio Scientific, Hiram OH 
44234. = 
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All Prime Quality — New Parts Only 


Lowest Prices — Satisfaction Guaranteed 


EDGE CARD CONNECTORS: 25 PIN SUBMINIATURE CONNECTORS: 


Bifurcated Contacts. Not tin. Gold over nickel. 50/100 Pin (.100, Gold Plated Contacts. 


1.25, + .156 Pin spacing). Double Read out. 
ie DB25P Plug $2.60ea Bpcs $2.25 еа 


50/100 Altair Type — Dip Solder Pins $4.25 ва 5pcs $4.00 ea DB25S Socket $3.75ea 5pcs $3.50 ea 

50/100 Imsai Type — Dip Solder Pins $4.25 ва 5 рсѕ $4.00 ea DB51212-1 Hood (grey) $1.00ea 5 реѕ $ .95 ва 

50/100 Imsai Type with Guides $4.50ea 5pcs $4.25 ea DB51226-1A Hood (black) $1.10ea 5pcs $1.00 еа 
Imsai Guides only $ 30/pr Spr $ .25/рг SAVE: 


All other contacts available: Solder Eyelet, Wire Wrap, etc. /4// gold. Buy a complete set: 
Many other types available: 10/20, 15/30, 18/36, etc. 1 Plug, 1 Socket, 1 Hood (any) $6.50/set 
Whan ordering: specify type of contact. 5 Sets $6.25/set 


2708 1KX8 PROM 450 NS 8080A — PRIME Write for larger quantity discounts. 
$16.75 ea $12.00 ea 
5 pcs or more $15.70 ea 5 pcs $11.50 ea Dealers welcome. 


Minimum order $10.00: Add $1.00 for shipping and handling. When ordering: 
Orders over $25.00: We pay the shipping: Calif. residents add 6% tax. | State method of shipment: 
No COD's: For immediate shipment send money order or cashier's check. Mail or UPS. 


ананы Beckian Enterprises 
P.O. Box 3089 Simi, Calif. 93063 


4K RAM BOARD 4K PROM 
2. ans Es $ 89.95 antl BOARD 


See kit below. —5 V Only 


—Industry Standard Bipolar PROM 
4K RAM BOARD KIT —Compatible With Our Bus 
450ns Access RAMs 


Fully Buffered — 99.95 | KIT WITH 2K OF PROM 579.95 


Static 
5V only Additional 2 K of PROM $40.00 


4% x 6 inch board 


Buy 4 RAM Board kits at ' 
$79.95 each andan 8slot 2102 — $1.20 Multiples of 25 only. 


Mother Board is yours Low power, 450 n.s. Access and cycle. 


Includes 8 connectors and card guides. FREE. DANA 2000A Multimeter 
Regularly $199.50 Our Price $165.00 


MOTH E R BO А RD MAKE CHECK OR MONEY ORDER PAYABLE TO: 


8 SLOT 44 PIN BUS Kathryn Atwood Enterprises 
50 Pin Edge Connector P.O. Box 5203, Orange, CA 92667 


Discounts available at OEM quantities. For orders less than 
Mother Board $20.00 ea $25.00 total, add $1.25 for shipping. California residents 
Connectors 2.50 ea add 6% sales tax. Estimated shipping time 2 days ARO with 
Card guides for above $10.00 per set. money order. For checks allows 7 days for check to clear. 
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SYSTEMS 


A Minifloppy Based Desk Top 
Personal Computer 


A 6800 Based Integrated System 


This 6800 based system features a 
keyboard, 20 character alphanumeric 
display, 40 character per line impact 
printer, single or dual tape cassette 
drives, тіпіНорру disk, RS232C 
ports, and 9 slot card cage integrated 
into one case. Programmable memory 
expansion to 65 K bytes and 16 K byte 
EROM cards are also available as op- 
tions. Software for the system includes 
a powerful 6 K byte operating and 
debugging system optionally available 
in ROM, a BASIC. interpreter, FOR- 
TRAN compiler and linking loader. 
The ROM debugger features interactive 
translation of assembly language 
mnemonics, tape, disk and printer 
commands, multiple breakpoints and 
other functions. The system is available 
in two configurations: the DE68DT 
which includes a minifloppy disk drive, 
and the DE68C which fits into a smaller 
case without the minifloppy. Prices start 
at $2200 in single quantities, from 
Digital Electronics Corporation, 415 
Peterson St, Oakland CA 94601, (415) 
532-2920. = 
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The System 8813 is a compact com- 
plete disk based microcomputer. The 
central unit, no larger than a stereo com- 
ponent, includes 16 K bytes of program- 
mable memory and room for three 
minifloppy disk drives, in a walnut case 
with a brushed aluminum front panel. 
Included in the package is a video moni- 
tor, keyboard with cable, and complete 
system software on diskette. * 

System software allows you to put 
the system to work immediately, run- 
ning applications in either assembly 
language or in fully extended BASIC. 
The small separate keyboard permits 
convenicnt use of the system at desk 
or table. The high speed video display 
exhibits results in graphics and alpha- 
numerics. Because it uses minifloppy 
disks, the 8813 allows convenient stor- 
age and fast access to programs and 
data by means of simple user commands. 
Prices for the 8813 start at $3250, from 
PolyMorphic Systems, 460 Ward Dr, 
Santa Barbara CA 93111, (805) 
967-0468.» 
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Turnkey Business System 
Offers Security 


The Mesa Two small business com- 
puter comes complete with packaged 
programs for accounts  receivable, 
accounts payable, inventory, payroll and 
general ledger. Designed to be operated 
by clerical personnel, the system features 
on line source data validation, pass- 
words, and audit trails from financial 
statements back to source documents, 
providing security and management 
control “without the need for data 
processing technicians." The Mesa Two 
can also communicate with the manu- 
facturer's central ІВМ 370 computer for 
larger scale applications. The system 
includes a processor with 64 K bytes of 
memory, 10 million bytes of mass 
storage, a keyboard and display, and a 
165 character per second printer. The 
Mesa Two is available from A O Smith 
Corporation, 3533 N 27th St, Milwaukee 
Wi 53216, (414) 447-4470. = 
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An F8 Based System 


This system features the Mostek ЕЁ 
microprocessor with a 128 byte scratch 
pad memory, a 1 K byte system monitor 
in ROM, and a memory interface with 
65 K byte addressing range. The system 
is housed in an attractive commercial 
grade cabinet with a 12 slot mother 
board, a heavy duty 15 A power supply, 
8 K bytes of programmable memory, 
а 20 A current loop ог А5232 serial 
interface, and three 8 bit parallel [О 
ports. A 5 K BASIC interpreter is 
included and an 8 K BASIC and resident 
assembler and editor are planned. The 
F800 system costs $499 as a kit or 
$699 assembled and tested. Additional 
4 K memory boards are $129 in kit 
form or $199 assembled and tested. 
Other accessory boards are planned. The 
F800 is available from Microdata Sys- 
tems, 2 Mack Rd, #101, Woburn MA 
01801, (617) 935-9870, = 
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8080 Based System Features 
Front Panel Firmware 


This Altair (S-100) bus compatible 
system uses a 12 button keyboard and 
a 10 digit LED display controlled by a 
monitor program in ROM to implement 
"front panel" functions such as ex- 
amining and altering the contents of any 
register, memory location or #0 device. 
Single step, slow step, halt, run and 
reset functions are also provided, The 
8080A based Equinox 100 comes with 
a constant voltage 20 A power supply 
and a shielded, actively terminated 20 
slot bus board. An attractive aluminum 
case with a smoked Plexiglas front 
and a key operated power switch are 
included in the basic system, with a 
swing open top, tilt up stand and carry- 
ing handle available as options, The 
Equinox 100, a joint venture of Parasi- 
tic Engineering and Morrow's Micro- 
Stuff, is available for $699 in kit form 
from Parasitic Engineering, POB 6314, 
Albany CA 94706, (415) 547-6612.» 
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NEW 8080 апа 8085 REFERENCE GUIDE 


A TOTALLY NEW CONCEPT! SAVES TIME AND MONEY! MAKES YOUR JOB EASIER! $ 


A powerful new tool for every serious 8080 user — professional and novice alike. H 
Priceless timesaver for engineers, technicians, and programmers. Saves time and 8 
money in the lab, on the production line, or in the field. ü 


Convenient pocket size — 336 by 734 inches — gives quick and easy access to all vital 
reference data. No more searching here and there for codes, instructions, or definitions. 
It's all there — at your finger tips — everything you need to successfully use the 8080A 3 


and — Intel's new 8085 microprocessor. 
Features cross listing, for rapid assembly and disassembly, of MACHINE CODES and g 


MNEMONICS ө Concise description of 8080 and 8085 OPERATIONS, SIGNALS, i 
PINOUTS, and INSTRUCTIONS e Convenient cross conversion of OCTAL, 
HEXIDECIMAL, DECIMAL, ASCII, and EBCDIC codes e Easy-to-read tables of powers Ц 
of two, eight, and sixteen... апа much more... ü 
Sturdy e Handsome e Easy-to-use e Data Packed 

Your timesaver will give many years of professional service. : 


$12.95 each (plus postage & California sales tax) — 2596 discount for 4 or more. 


MoneyBack Guarantee: You must be fully satisfied or simply return the guide within 15 days for full and prompt refund. 


URBAN INSTRUMENTS • 4014 CODY ROAD: DEPARTMENT СІ, ster charge PE Е 
SHERMAN OAKS « CALIFORNIA 91403 бот нын. p - 


IME (NTENBANR CARD 


D 
PLEASE SEND 8080 timesavers to: СНЕСК/М.О. ENCLOSED[] BANKAMERICARD[j MASTER CHARGE J 
NAMES crises ii cen йы етін Мы Ы Co EET - || 
САНО NUMBER .......................................... сь 5 
ТЕБЕТ aee err Rc kx adea ira o utt "E В 
cmv GOOD THRU ........ .....-4 DIGITS ABOVE NAME ................... 
АБЫ ШР ЫЛЫК Ж et Re MEE (MASTER CHARGE) Ё 
ТАТЕ асасы бағала ауы Ире ИРЕТИ SIGNATURE ........... D D m EM NN. 
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ESAT-100 І LINEAR VERBATIM Removable Magnetic Storage Media 
Economical Stand Alone Terminal LM380N 1.39 PRICE REDUCTION! 
Assembled, Tested, Burned-in EM3401:8,12,18 Minidiskettes 1-9 10-25 26-100 


< " .99 
For Tewtype, SOMP Jott, Kim SAC BO Users A setiabte, ine «ғ 4.79 4.65 4.45 
оона, etl contained Communicating Terminat. ‘completely МЕ560 2.95 
astembied, burned in, and teued 5239 00 NE561 2.95 MD525-01 (Soft Sector) for: Intelligent Systems, 


Fidei sc ie рі ph beet; Н] МЕ565 1.95 Magnovox, Microkit, and Vector Graphics 

эпи cade, TTL compatible from 300 to 9600 baud Keyboard NE566 1.49 MD525-10 (10 Sector, Hard! for: Digi-log, North Star, 
NE567 1.49 Polymorphic, Tei Inc., and Wang 

LM1812 495 MD525-16 (16 Sector, Hard) for: Altair, Camtek, 

LM 1889 4.95 Micropolis, R2E, Realistic Controls, 

CPU SPECIALS and Teleray- Research Inc. 

Жаға 10.95 Standard Size 1.9 10-25 26-100 

Z80 (2mHiz) incl. Diskettes 5.99 5.33 4.79 


18mHz Xtal 33.95 FD34-1000 (Soft Sector, ІВМ Std.) 
280А (4mHz) inci, FD32-1000 {Hard Sector, Inner dia.) 

36mHz Xtal 39.95 FD65-1000 (Hard Sector, Outer dia.] 
мамит PEL applications because of the timed retolunoo available OPTOCOUPLERS Cassettes 1-9 10-25 26-100 
on том TV sent 


Narathetets, for those of you who are the ownen of ether “- AN26 1.00 R-300 
high quality уйға тоғыс, or the best of Japan's T V recerems, PROMS Digital Direct 5.25 4.99 4.35 


we ое the 

Scrolthoard Adapter Ка (designed to fi ESAT 100) with 64 : " 

нс к18 faves and Аштын бого for $99.95 25 САР. SPECIAL 8223 Special 10/9.95 RAMS and OTHERS 

МЕН Supermod А F Modulator for antenna connection with Tha Highest Quality, 8251158 x 512 15.95 

your TV set. Вион oll of ESAT 100 power supply colar and By-pass anywhere: EPROMS 21L02-1 450nS 125  AYs5.1DI3 495 

Back white tor 524.95 VK06 0.1/100V for $0.29 21L02 250nS 1.50 MMB5369 1.69 

2708 650n8 12.95  2411AL.4 450п5 2.30  MM5320 6.00 

Full Color TV Game Kit: 2708 450n$ 16.08  C31078 8015 1.99 2513 Up. 5.95 


Includes MM57100 Game Chip, MM53104 Clock Gen., LM 1889 N Color C1702A 1000п5 4.95 рп4110-4 13505 3.99 2513 Lo. 6.95 
Modulator, 3.58 МН? color burst oscillator crystal, variable cap for crysta! MM52030 INAO05 1141.00 
adj. and PC board. Very impressive on color sets. All date sheets and à 


4.95 

schematics inciuded...$25.95 4 мм52040 9.95 імалав 1571.00 

Direct Reading Capacitance Meter Kit: \ 8K Static Memory Boards 

Hera is в handy shoo item incorporating a reliable and accurate mea- Tested, Burned: in, omplate 

suremant method which works from 01 pico + d to 10 micro + d. Includes $179.00 for 450r POB 672] 

large 6” scale analog metar movement, all electronic parts and ful! docu. $239.00 for 250nS i 

montation and theory of operation. Requires 5V ang +-12V power Makes 19.00 for Bare Board 

accurate тозор directly and instantly! No tumpa, Jiading or interpola Stanford CA 94305 

tion required. Fu ocumentation and theory... . te , 

5V Regulated Power Supply Kit: жеге ашулы 

Provides regulated 5V @ approx. 250 ma for benchwork, breadboards and 415-321-560) SATISEACTION 

small projects. Includes LAM 340T.-5 regulator, rectifiers, fifter caps, and 100% GUARANTEED! 

Nicad Batteries and Charger: Sand check or money order and include $1.00 for shipping, 1.00 (op- 
ea ‘C’ si i 


wall plug teanstormer. Full notes. S6 95 TO ORDER: 
С” size Nicads (great for memory powar-fail CKTS, cold wea- tional) for insurance, and dise include 89% sales tax Jf you ara a 
ther flashlights, ete. and charger...$13 95 California state resident. COD orders add .B5 Thank you. 


г” 


D SL LUE N T I на 


Салта! are tack and forward space, tine feed, clear page, о? lo 
end ol hne, мас! page ? cr 2, іш) аі! duplex, loca! remote, 
cursor onti oddievenino panty. Output то ТУ Monitor 8 
Componty Video, 75 Ohmi. Keyboard required is parallel out 
bur F unit. ASCII wih negativa irua ttrobes Keyboard may тар 
up то 200 Мо fram the ESAT 100 on board SV power supply 
Power requead s ПОМАС @ 2? watts 
COMMENTARY Al thu writing LIO 1 771, the ESAT 100 s the 
only Stand Alone Terminal Бонд requizing oeiy black and 
while TY set and ASCH Keyboard You do not have to have 
а &100 Bus Machine, of even a computer May bn used in con 
qunetion wath а Modem and your home TV set 10 provide a Lime 
share type teimnal at any Baud rate vou бесе 

Note, commercial terminat uie an BO character x 24 tne for 
mal Howerst we have chosen. 32 character a 16 tones fo) tele 


аға 
BEA 
таш ал LIF EN T 


gm am! 


но am 
JS Sm mm 
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SYSTEMS 


Terminal Features Minifloppy and 
12 Stot Mother Board 


| 
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The Mode! MCS-PT processor termi- 
nal i5 a self-contained computer system 
with display and disk storage, a full 
keyboard and a 12 slot mother board. 
It may be used either as a stand alone 
pracessor or as a processor terminal in a 
larger system. Features of the MCS-PT 
include a 15 inch (38.0 cm) high resolu- 
tion monitor, a full upper and lower case 
ASCII keyboard with eight user desig- 
nated special function keys and a 16 key 
numeric cluster pad. One Shugart 


New 3 Processor System Can Run Most 
Published Software 


teanors mi 
~~, 


The Chatlenger 111 comes equipped 
with three of the most popular micro- 
processors, the 6800, 6502 and 2-80, 
and hence is capable of running most 
published microprocessor software with 
appropriate modifications for memory 
use and input output. Optional fea- 
tures provide automatic switching 
between processors under software con- 
trol and addressing of up to 1 million 
bytes of programmable memory. A 
floppy disk with the OS-65D operating 
system comes standard with the Chal- 
lenger 111, and a 74 million byte hard 
disk is available as an option. The 
Challenger 111 and the Model 510 board 
with all three microprocessors are fully 
compatible with other Challenger hard- 
ware and software products. The entire 
product line is described in a new 
catalog avaitable for $1 from Ohio 
Scientific, 11681 Hayden St, Hiram 
OH 44234, (216) 569-7905.8 
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SA-400 Minifloppy disk drive is stan- 
dard. 

The 12 slot mainframe contains a 
CPU board that features an 8080 pro- 
cessor and a special circuit that imple- 
ments a start up "jump to" routine to 
any user selected byte address. 16 K 
bytes of memory are provided with 
additional memory as an optional item. 
A disk controller which will handle 
four drives and a video board are also 
standard items. The IO board provides 
three parallel and three serial ports 
with selectable data rates of 75 to 
19,200 bps. 

The whole unit is housed in a heavy 
duty aluminum cabinet with power 
provided by a constant voltage trans- 
former power supply. A fan, washable 
filter and all edge connectors and card 
guides are furnished. Software provided 
includes CP/M DOS and BASIC on 
disk. The MCS-PT fully assembled and 
tested is priced at $3495, or $2995 
in kit form. The unit is also available 
without the disk drive and controller 
at $2495 assembled or $2195 in kit 
form. For more information contact 
CMC Marketing Corporation, 7231 
Fondren Rd, Houston TX 77036, 
(713) 774-9526.8 
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Transmitter Controller for 
Broadcast Stations 


The problem of radio or TV broad- 
cast station automation was discussed in 
Letters in the February 1977 (page 81) 
and May 1977 (page 105) issues of 
BYTE. One step is this direction is the 
Automatic Transmitter Operator from 
Widget Works (пс. This microprocessor 
based unit monitors and controls power, 
modulation, and transmitter hours of 
operation, eliminating the need for 3rd 
class licensed operators and transmitter 
readings. A single unit handles up to four 
AM or FM transmitters with proper 
options, and is guaranteed to meet FCC 
specifications for ATS control for one 
year from date of delivery. All hours 
of operation for the entire year are pro- 
grammed into the unit at the time of 
manufacture. Calibration is performed 
with a calculator keyooard. Pricing 
varies with configuration and options, 
starting at $4500. For more information, 
contact Widget Works Inc, POB 79, 
Medina ОН 44256, (216) 336-7500." 
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New DECstation Employs 
Single Chip PDP-8 


The venerable PDP-8 lives on in 
Digital Equipment Corporation's new 
DECstation, which incorporates a single 
chip version of the 12 bit processor. The 
central element of the new system is an 
integrated processor and display unit, 
the VT78, which includes a video 
terminal with upper and lower case 
ASCII characters, 16 К 12 bit words 
or programmable memory, a геа! time 
clock and a floppy disk interface. Five 
IO ports on the back of the VT78 are 
designed to be connected to peripherals 
with simple cables like those used in a 
component stereo system. The ports 
include two serial interfaces with 
data rates from 50 to 19,200 bps, a 
parallel interface for units such as 
printers, a floppy disk interface, and 
one to facilitate local input of programs. 
The DECstation runs under OS/78, an 
extended version of the PDP-8’s oper- 
ating system 05/8 Version 111, and 
offers FORTRAN and BASIC compilers, 
the PAL-8 assembler, and various 
utilities. The standard DECstation con- 
figuration, which includes the VT78 
and a dual drive floppy disk, is priced 
at $7,995. More information is available 
from Digital Equipment Corporation, 
Maynard MA 01754, (617) 897-5111, 
ext 3300.8 
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System, Not Peripheral 


On page 252 of November 1977 
BYTE, the Apple 11 press release was 
incorrectly categorized as a "peripheral." 
This complete computer system should 
have been placed in the "systems" cate- 
gory. 

Our apologies to Steve ]obs and 
Steve Wozniak.« 


LOW PROFILE IC SOCKETS | AUGAT WIRE WRAP SOCKETS TRIMMER CAP P. C. MOUNT VOLUME CONTROL 
14PIN-$18 22 PIN - $ 33 16 PIN Cold Plated 2 20PF CER 4/$1 Nylon Shaft, 1K or 100K 
16 РІМ - $ 20 — 28PIN-$.48 $.49 ea. 10 FOR $3.95 Mil Quality YOUR CHOICE 4/51 j 

18 PIN - $.25 LIMITFD STOCK 


16K E-PROM CARD $69.95 кт 


S-100 (IMSAT/ALTAIR) BUSS COMPATIBLE IMAGINE HAVING 16K 
| BOB OB ORE 4 OF SOFTWARE ОМ LINE АТ ALL TIME! 
Ti ip —H-N 1 | КІТ FEATURES: 
5.2411 dy i Жы Шш |І. Double sided PC Board with solder mask and silk screen and 


Gold plated contact fingers. 
. Selectable wait states. USES 
‚ All address lines and data [ines buffered! 
2708's! 


ki А . All ѕоскеіѕ included. 
ү um N ТЫ 744 . On card regulators. 


mr 
wow ! DEALER INQUIRES INVITED KIT INCLUDES ALL PARTS AND "d алыуын 2708's) 


SPECIAL OFFER: Our 2708's (450 NS) are $12.95 when purchased with above kit. ASSEMBLED AND TESTED 


FULLY static: $149.00 xir аса 


КІТ FEATURES: 
1. Double sided PC Board with solder mask and silk screen layout. 


Gold plated contact fingers. 
5-100 (IMSAI/ALTAIR) | 


. All sockets included! 
. Fully buffered on all address and data lines. BUSS COMPATIBLE 
. Phantom is jumper selectable to pin 67. 

. FOUR 7805 regulators are provided оп card. 


$179.00 
PRICE WAR! Blank PC Board With Documentation — 29.95 
For a limited time only: Low Profile Socket Set — 
Buy two 8K Kits for $129 ea. Support IC's ( TTL and Regulators) — 


Bypass CAP's (Disc and Tantalums) - 


JUMBO RED LED'S RCA HOUSE #2N3772 


3W AUDIO AMP NPN Power Transistor. 30 AMP, 


S ~f. MODULE Nero d мун 150 W. VCEO-60. TO-3. Vastly out 
Ned MES a performs 2М3055. Reg. List $3.04 


6FORSI 25 РОВ 83.75 | 2 FOR $1 


Fully assembled and tested. NEW! 4K STATIC БАМ" NEw, 


With schematic. 4, 8 or 16 | 2114. The industry standard. 18 РІМ DIP. Arranged ав ІК X 4. Equivalent to 
OHMS. FOUR 21LO2's in ONE package! TWO chips give IK X 8, with data. 


$3.95 NEW! 2 FOR $24 450 N.S.! 8 FOR $85 


MOTOROLA 7805R 450 NS! 2708 EPROMS 450 NS! 


VOLTAGE REGULATOR Now Full Speed! Prime new units from a major U.S. Mfg. 450 N.S. Access 
Same as standard 7805 except 750 MA | time. 1K x 8. Equiv. to 4 1702 A’s in one package! 
OUTPUT. TO-220. SVDC OUTPUT. Special Offer: $12.95 ea. when purchased with our 
$ .44 each 10 FOR $3.95 $1 5.75 ea. 16K EPROM Kit. 


| 
Z - 80 PROGRAMMING MANUAL Ж PRICE WAR! 
By MOSTEK, the major Z - 80 second source. The most detailed explanation | 21102-1 LOW POWER RAM! Prime. 
ever on the workings of the Z - 80 CPU CHIPS. At least one full page on each 500 N.S. FAST! 8 FOR $9.95 
of the 158 Z - 80 instructions. À MUST reference manual for any user of the 
Z - 80. 300 pages. Just off the press! A D.R.C. exclusive! $12.95 8 POSITION DIP SWITCH 
Hy CTS.Fits 16 Pin Socket. $1.95 


TERMS: ORDERS UNDER $15 ADD $ .75. NO C.0.D. WE ACCEPT VISA, MASTER CHARGE AND AMERICAN 
EXPRESS CARDS. MONEY BACK GUARANTEE ON ALL ITEMS. TEXAS RESIDENTS ADD 5% SALES TAX. 


Digital Research Corporation CALL For our САТА1ОС! 
Р.О. BOX 401247 е GARLAND, TEXAS 75040 e (214) 271-2461 WE PAY POSTAGE! 
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P 


Multitasking Operating System 
Rivals 1BM 360/91 


This multiuser, multitasking oper- 
ating system for 8080 and 2-80 based 
computers is modeted after the IBM 
System/360 Model 91 operating system 
used at the University of California, 
Los Angeles. It supports more than 25 
user terminals with 64 K bytes of mem- 
ory, and permits one user terminal to 
control many concurrently running 
tasks. Functions include block and line 
editing, file merging and transfer, inter- 
terminal communication, passwords and 
user accounting, task status reports and a 
system log, disk map display and print 
queue support. The system includes а 
disk based 8 K BASIC campiler which 
generates reentrant code. The developers 
claim that the system provides highly 
efficient resource management by main- 
taining dynamic, noncontiguous files, 
dynamically allocated memory and ex- 
tensive disk buffering. The FAMOSTM 
system costs $1750 and must be used 
with a special interrupt board ($300) for 
the Altair (5-100) bus. The system is 
available fram MVT Microcomputer Sys- 
tems Inc, 21822 Sherman Way, Canoga 
Park СА 91303, (213) 348-2030.ш 


Circle 592 an inquiry card. 


SOFTWARE 


An Interactive Word Processing System 


This word processing system dis- 
plays your text on a video screen in the 
form in which it will be printed, as 
you enter new text or make modifica- 
tions. Each line is continuously for- 
matted and justified, and surrounding 
text is moved up or down as strings are 
inserted or replaced. Text can be re- 
viewed by variable speed scrolling in 
the forward or reverse directions. En- 
coded strings may be used to create 
selective mailing lists. Line and page 
length and spacing can be modified as 
desired, and titling and page numbering 
is included. A version designed for the 
Diabio Hy-Type printer includes charac- 
ter spacing and bidirectional printing. 
“Тһе Electric Pencil" runs оп an 8080 
or Z-80 based computer with 8 K bytes 
of memory, a Processor Technology 
VDM-1 ог PolyMorphic Systems video 
interface and video monitor, a Tarbell 
cassette Interface and cassette recorder, 
and a printer. The package is priced at 
$100 or $150 for the Diablo version, and 
is available at computer stores or from 
the author, Michael Shrayer, 3901 Los 
Feliz Blvd #210, Los Angeles CA 90027, 
(213) 665-7756.u 


Circle 593 on inquiry card. 


Want Z-80 Software? 


Here's software for Altair (5-100) bus 
compatible Z-80 based systems, designed 
with Cromemco's ZPU processor board 
especially in mind. A 7-80 monitor 
($25) fits in 1 K bytes of memory and 
allows the user to examine and modify 
registers and memory locations, set up 
to five breakpoints, program 2708 type 
EROMs using the Cromemco Bytesaver 
board, and perform other functions. The 
ROS Resident Operating System ($40) 
provides most of the monitor functions 
and also includes a Zilog compatible 
assembler and a text editor, all designed 
to run in 8 К bytes of memory. Contro! 
BASIC ($40), available for both 8080 
and Z-80 based systems, is an extended 
version of Or Wang's Palo Alto Tiny 
BASIC which inctudes input and output 
commands for direct IO control, ability 
to call user subroutines with any number 
of arguments, string input and output, 
numeric field widths and other features, 
yet it fits in just over 3 K bytes of 
memory, Included with Control BASIC 
is an exciting version of Star Trek "that's 
almost impossible to win." Wish you 
could run Z-80 software on your Proc- 
essor Technology SOL-20? You can with 
the ZOL modification kit {$29.95}, 
which lets you install a Cromemco ZPU 
board into the SOL's mainframe. All 
these goodies are available from HUH 
Electronic Music Productions, POB 259, 
Fairfax СА 94930, (415) 457-7598.» 


Circle 595 on inquiry card, 


APPLE П 1/0 BOARD KIT 
Plugs Into Slot of Apple 11 Mother Board 


KIT INCLUDES: 


P.C. Board, 1.C.'s Sockets and 
Assembly Manual. 


FEATURES: 

18 Bit Parallel Output Port 
(Expandable to 3 Ports) 

V Input Port 

ISmA Output Current Sink 
or Source 

TTL or CMOS Compatible 


Addressable anywhere in mem- 
ory output arca 


Can be used for peripheral 
equipment such as printers, 
floppy discs, cassettes, paper 
tapes, etc. 


LD-130 
3 digits 
A/D CONV. 1Кх8 450ns 

$11.95 $14.95 


SHIPPING AND HANDLING 
KEYBOARD $3.50, OTHERS  S1.00. 


PRICE: 
| Input and | Output Port 
fer $49.00 


1 Input and 3 Output Ports 
for $64.00 


DEALER INQUIRIES INVITED 


2708 
E PROM 


EMM 4200 


"Static" 
4K RAM 


$13.95 


California residents add 6% sales tax 


ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 
REDONDO BEACH, CA. 90278 
TEL. (213) 376-8005 
WRITE FOR FREE CATALOG 
You are invited to visit our store at the above address 
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3RD GENERATION ONLY $63.00 


ASCII KEYBOARD KI 


4 


Iw gwuvwrTY"touwmrt raw 


ікткттғтИизТкТТц гат 
læ m ТУТИ Мт ы ш- 


"» 


FURTHER IMPROVEMENTS. MORE FEATURES 


TTL Logic Circuits OPTIONS: 
Power: +5V, 275mA e Metal Enclosure (Paint- 
Upper and Lower Case 


Full ASCII Set (Alpha 
Numeric, Symbols, 
Control) 


7 ot 8 Bits Parallel Data 
Optional Serial Output 


e Selectable Positive or 
Negative Strobe, and 
Strobe Pulse Width 


“№ Key Roll-Over 
Fully Debounced 
Carriage Return Key 
Repeat Function Key 
Shift Lock, 2 Shift Keys 
4 User Defineable Keys 
P.C. Board Size: 
17-3/16" x 5" 


LC. Sockets... $4.00 
Serial Output (Shift 
Register) $2.00 
Upper Case Lock 


Switch (for Capital 
Letters and Numbers} 
$2.00 


KIT Includes : 

board, Р.С. Board, all re- 
quired components and as- 
sembly manual. 

NOTE: ff you have this 

63 Key Teletype Key- 
board you can buy the 
Kit without it for 544.95, 


Circle 42 on inquiry card. 


peggy ағына; 


New! ECONORAM МГ is here- = 


ЕК 
ЕШ 
| 12Kx8 memory kit i 
m for the Heath H8 = 
гі or the Hea m 
| 
| %935.00 
EE Ев 
ЕЕ Ез 
We proudly welcome our newest memory board family member, mechanically with the H8. Now you can have our 12K board for 
designed from the ground up for full compatibility with the Heath the price of the Heath Company's 8K ... with the performance | 
Company H8. Organized as two independent blocks for flexibility: you've come to expect from products carrying the ECONORAM™ 
one 8K block (locatable on any 8K boundary) and one 4K block name. 
ra locatable on any 4K boundary. Has the same basic features of our Em 
ECONORAM II"*— all static design, dipswitch address selection, Also available: H8 4K to 8K conversion kit ($90). If you have a т 
«ЕТУ selected write protect and phantom, sockets for all [Cs, full Heath Company 4K memory, plug in these ICs and you'll have a 
buffering—plus the required hardware and edge connector to mate full 8K. Kit includes eight ТІ4044 memories and matching sockets. 
ECONORAM Il —_ Ql 
2 EE 
— 


r _› 

Е ri ae EUM 
y [puis : 

— қарты Бан рг Н кас к Же 
Tl d L. S = mE 


This 8K x 8 static memory is a consistent winner, whether you plug Into 
an Altair, IMSAIL, or any other S-100 buss computer. Configured as two in- 
dependent 4K blocks, with separate protect for each block and vector interrupt provi- 
sion if you try to write into protected memory. Handles DMA devices. All address and 
data lines fully buffered. Tri-state outputs for use with bi-directional busses. Selectable 
write strobe (writes on either PWR or MWRITE), and dipswitch selectable address. We 
guarantee 450 ns speed, allhough many users report running this board In conjunc- 
tion with 4 MHz Z-80s without using the on board wait state provison. The mechanical 
quality matches the design, with gold-plated edge fingers, legended and solder 
masked board. sockets for all ICs, and industrial grade or better components. Join the 
thousands who have made this our most popular computer board! 


Кікботп................ «жака аас ө 4 ж-а а жэ жэ а» Жа ж э ee eee жө 5130 
Assembled, tested, 1 уеатчаггапбу......................... 


..... 


Gives а full SV at 4A with crowbar overvoltage protection, 
along with +12V at 2A, -12V at 22А, and adjustable bias 
supply (5 to 10У at 10 mA), Although intended for use with 
small computer systerns, this is also an excellent supply for 
bench and development work. 


10 SLOT MOTHERBOARD ($90; 
18 SLOTS $124) 


Spectall Four ECONORAM II™ КИв....................... oe ee 4/9475 


new and dynamic: 


ECONORAM III 


Here is the first 8K x 8 dynamic RAM that per- 
forms well enough to merit the ECONORAM™ 
name. Thanks to the SynchroFresh* timing process, 
refresh fits naturally into the timing of the S- 100 buss ... 
now you can have halí the power of statics, but without 
the traditional timing hassles you've come to associate 


with dynamic memories. 


computer (Altalr, IMSAL. etc.). 1 year warranty. 


Assembled 8K x 8 ECONORAM Пі" 
*SynchroFresh is a trade mark of Thinker Toys 


[1 БЕ 0 0 а Е 1 


TERME Please allow up to 5% for shipping; ex- 
cess refunded. Californians add tax. COD orders 

ШШ accepted with street address for UPS. For 
VISA® /Mastercharge® orders сай! our 24 hour 
order desk al (415) 562-0636. Prices good 
through cover month of magazine. 
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BILL GODBOUT ELECTRONICS 
OX 2355, OAKLAND AIRPORT, CA 94614 


In addition to low power, this board runs at zero wait 
states with an 8080 CPU, and Is configured as two sep- 
arate blocks for maximum versatility. Not a kit; shipped 
assembled, tested and ready to plug into any S- 100 buss 


.... $149.00 


(800000 


Add one of these on to an existing 5-100 systeni, or use as the 
nucleus of a stand-alone system. Both kits come with ай edge 
connectors and include on-board active, regulated termina- MN 
tions to minimize crosstalk, overshoot, ringing, and other 
glitches that can occur with unterminated lines. Includes lots of 
bypass caps and heavy power traces. 


ACTIVE TERMINATOR ($29.50) 


iin 
МЫНДЫ. 


Plug this board into any $-100 motherboard to clean up the ШЕШ 
problems associated with unterminated lines. Uses the same 
circuitry as our Motherboards. 


FREE FLYER: These are just a few of the items 
we carry for the computer enthusiast. We also 
stock a broad line of semiconductors, passive ШЙ 
components, and hobbyist Items. We will gladly JR 


send you a flyer describing pur products upon 
receipt of your name and address. 
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Real Time Warfare Game 


SOFTWARE Encounter! is a game that exploits 
the real time response capabilities of a 
computer. Unlike most board games, 
there is no taking turns between two 
players; each player attacks and defends 
as many places on the field as he is 
mentally able to maintain. Parameters 
such as the speed of play, configuration 
of the playing field, location of "home" 
and "blocked" districts, "birthrate'' of 
new men, and the game time limit can 
be altered at will. Encounter! is designed 
for an Altair ($-100] 8080 or 2-80 based 
system with a Processor Technology 
VDM-1 and two ASCII Keyboards, Com- 
plete source code is provided, with paper 


Extended Monitor for the KIM-1 


“XIM” (Extended IO Monitor) is a 
programming and debugging package for 
the KIM-] computer, It provides com- 
mands to move, Compare or search 
blocks of memory, set break points, 
calculate branch displacements, load 
ASCII characters and dump hexadecimal 
data, and display the processor registers. 
“XIM” occupies just under 1 K bytes of 
memory and is easily relocated. A 45 


A New BASIC Compiler 


Software Dynamics 15 offering à new 
BASIC compiler said to feature floating 
paint arithmetic, subscripting, formatted 
output and character string manipula- 
tion, The campiler requires 16 K bytes 
of programmable memory space. The 
price of the compiler is $150, and the 
manual sells for $40. For more informa- 
tion, contact Software Dynamics, 17914 
Laurelbrook Pl, Cerritos CA 90701, 


page user's manual with source listing is 
included, with object code on paper tape 


(213) 962-6492. т 


Circle 598 on incweiry care 


for $10 or on KIM-I cassette For $12, 
from Pyramid Data Systems, 6 Terrace 


Ау, New Egypt М) 08533.» 


Cirete 594 on inqurcry card. 


A New 8080 Assembly Language 


Extensions to Processor Technology 

Software Package #1 
Software Package 0.5 is 

extensions 10 Processor 


tape for $16.95 or with Tarbell tape for 
$19.95, from Objective Design finc, 
РОВ 20325, Tallahassee FL 32304. и 


Cucle 599 on inquiry card 


a set of 
Technology's 
Soltware Package #1 (a basic assembler, 


An IBM 1130 Simulator for Neva 
Computers 


Debugger editor and operating system for the icon Corporation has announced its 

The Dynamic Debugger is a 8080). New features include automatic new ELLIPSE 1130 processing system 
diagnostic program for 8080 assembly insertion and reordering of line numbers, designed to simulate the IBM 1130 ona 
language which has been announced by commands to find and change or insert Data General Nova computer. This 
Computer Mart of New Jersey. The strings, and an ellicient Lape driver tor makes available a wide variety ot 
program features an automatic break- Tarbell or рајем cassette interfaces. COBOL, APL, RPG, FORTRAN IV and 


point mode to facilitate debugging. The 
price is $30 on paper tape or cassette, or 
the Computer tor 
Route 27, 


$35 on diskette from 
Mart of New Jersey, 501 
Iselin NJ 08830, (201)283-0600. m 


Circle 596 on inquiry card. 


(© CLDEICOTM BOARDS 


MB-1 Мк-8 Computer RAM, (not 5-100), 4KX8, uses 2102 
type RAMs, PCBD only $22 
MB-3 17024 EROM Board, 4KX8, 5-100. switchable ad- 
dress and wait cycles, kit less PROMS $65 
MB-4 Basic 4KX8 ram, uses 2102 type rams, may be ex- 
panded to ВКХВ with piggybacking, 5-100 buss РС 
board $30 
MB-6 Basic BKX8 ram uses 2102 type tams, memory pro- 
tect in 256 to BK switchable 5-100 buss PCBD 535 
MB-7 16KXB. Static RAM usesyP410 Protection, fully tut- 
lered 

РСВО $30 00 KIT $525.00 
MB-B 2708 EROM board, S-100, ВКХВ or 16KXB kit without 
PROMS $85 
МВ-9 4KX8 RAM.PROM Board uses 2112 RAMS or 
825129 PROM ki without RAMs of PROMS $80 
10-2 $- 100, 8 bit parate! Ороп, 250! board ts for kludging 
Kit $55 PCBD $30 
Ю-4 Two senal l'O ports with іші handshaking 20:60 ma 
current loop Two parallei О ports 

Kat $150 
VB-1 64X 16 video board, upper lower case Greek, com- 
posite and parallel video with software, 5-100 

Kit $150 РСВО $30 
SP-1 Music synthesizer board, 5-100, computer controller 
wave forms, 9 oclaves, 1V mms Y% dislorbon, includes 
software kil $200 
Altar Compatible Mother Board, 11 x и» x Уа” 

Board only 
Extender Воаго full size Board only ESI 
Wh connector $13.50 
Sotd stale music Cybercomt boards are high quality glass 
board with gold linger contacts All boards are check lor 
shorls. Kits only have solder mask 90 day guarantee оп 
Cybercom kits 

Nan-electical cosmetic rejected PCBD from Cybercom 
IO-2 $21 MB-6 $21 vB. 1000 $25 
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$45 With 15 connectors $105. 


$19.95 or on Tarbell tape 
$24.95, trom Objective Design 
POB 20325, 


Ciele SO? an snaquicy сага 


WINE ine. МАМЕСО INC. 


MEM-1 8KXB fully buttered. 5-100, uses 2102 type rams. 
вс 22. $30 


Mother Board 12 5101, terminated, 5-100. board only $35 
CPU-1 80804 Processor board 5. 100 with B level vector 
inteaupt PCBD $30 
10% discount on 10 or more of WAMECO PCBD in any 
combination 

NEW! All (C's Sockets & hardware tor WAMECO CPU-1 
include all рите Ерма. 8214, 8224 8212 PCBD not n- 
cluded $65 


All ICs sockets & hardware for WAMECO MEM-1 includes 
рате 21024L-4s PCBD nal included Order PCBD sepa- 
rately 8135 


Special 2102А1-4 1K x 1 ram 4 less power than 211.02 
type rams, wih power down, pome from МЕС Ea 200.32 
ea 180, 64 ea. 1 70. 128 ва 160, 256 ea 150 


SOBOA AMD ВОВОА (Prima) 
82 12/7484 12 Prime 

8214 Prime 

8216 Prime 

8224 Рите 

8228 Prime 

8251 Prime 

8255 Prime 

17024-6 AMD 402A Prime 
TMS-6011 UART Prime 
2513 Char Gen Upper Prme 
2513 Char Gen Lower Prime 
17024 Intet Not Prime 


419 Portotino Drive 
San Carlos, California 94070 
Please send for iC, Xistor 
and Computer parts ist 


Complete source code is supplied for 
$14.95, with object code on paper tape 


other types of programs to the Nova user 
with no modifications needed. Contact 


for Icon Corporation, 11300 Rockville Pike, 
Inc, 
Tallahassee FL 32304.в 


Suite 10 NE, Rockville MD 20852, |301) 
710-1885.» 


Corcte 600 on inquiry eared 


74L00 
74L01 
74102 
741.03 
741,04 
74105 
74106 
741.08 
74109 
74110 
74120 
741.26 
741.30 
74132 
74142 
74151 
74154 
74155 
74171 
74173 
74174 
74175 
74178 
741.85 
741,86 
74189 
74190 
74191 
74193 
741,95 
74198 
741123 
741164 
241155 
741192 
741193 
MHOO26 295 
МС1488 150 


741500 1101 
74LS01 1103 
741502 2101 
741.503 . 2111-1 
741504 2112 
741505 2602 
741508 4002-1 
74510 4002-2 
744512 ММ5262 
741520 7489 
241522 74200 
74.527 74С89 
741530 82506 
741537 82507 
74.538 82517 
741542 в223 
741551 82523 
741554 825123 
741555 825126 
741573 825129 
740574 825130 
741876 825131 
74.5151 IM5600 
7415174 IM5610 
74.5175 ІМ5603 
7415192 ІМ5604 
2501В IM5623 
25028 ІМ5624 
2507V MMI6330 
2510A DM8573 
2517V DM8574 
25198 DMBS75 
25328 DMB576 
2533V DMB577 
ОМ8131 DMB8578 
N8263 2 4576 MHZ 
MC 1489 XTAL 7.20 
DM8837 


Check or money order only If you are not a regular customer and your 
ordar is large please send either a cashuers check or a postal mona y 
order, otherwise there will be а delay of two wóeks lot Ihe check fo 
clear, АЙ items post paid in the U.S Сай. residents add 6% lax 
Money back 30 day guarantee. We cannot accept retumed (C's that 
have bean solderod to Poss subject to change wilhout notice $10 
minimum order. $1.00 service charge оп orders iapa than $10. 
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc. 
1N914 100v 10A 05 8-pin pcb -25 win 45 2N2222 NPN (Plastic .10) .15 
1М4005 &00v 1A .08 14-pin pcb 25 ww 40 2N2907 PNP 15 
1N4007 1000у iA 1S 18-pin pcb 25 ww 40 2N3906 PNP 40 
1М4148 75v 10mA 05 1B-pin pcb .25 WW mi 2N3054 NPN ЗБ 
1N753A 6.2v ғ .25 22-pin peb’ 45 ww 1.25 2N3055 NPN 15A 60v -50 
1N758A 10v 2 25 24-ріп peb 35 wiv 1.10 T1P125 PNP Darlington 35 
1N759A 12v z 2b 28-pin pcb 435 ww 1.45 LED Green, Red, Clear .15 
1N4733 5.1v z ‚25 40-ріп pcb -50 wi 1.25 D.L.747 7 seg 5/8" high com-anode 1.95 
1N5243 13у z 25 Molex pins .01 To-3Sockets .45 XAN72 7 seg com-anode 1.50 
1N52448 14v z 25 2А А FND 359 Red 7segcom-cathode 1.25 
1N5245B 15v z 25 тр Bridge | 100-prv 1.20 
25 Amp Bridge — 200-prv 
С MOS - T T L = 
4000 15 7400 15 7473 25 74176 1.25 74H72 „55 745133 45 
4001 .20 7401 ЛБ 7474 35 74180 85 74H101 45 745140 35 
4002 .20 7402 .20 7475 435 74181 2.25 74H103 75 745151 35 
4004 3.95 7403 .20 7476 30 74182 125 749106 .95 74S 153 135 
4006 1.20 7404 ‚15 7480 55 74190 1,75 745157 480 
4007 435 7405 25 7481 .88 74191 1.35 74100 35 745158 135 
4008 95 7406 435 7483 .95 74192 1.65 74102 135 748194 1.05 
4009 130 7407 ‚ББ 7485 95 74193 .85 74103 130 745257 (8123) .25 
4010 45 7408 ‚25 7486 130 74194 1.25 74104 35 
4011 .20 7409 .15 7489 1.35 74195 .95 74L10 .35 741500 .35 
4012 ‚20 7410 ло 7490 55 74196 1.25 741.20 35 241501 .35 
4013 .40 7411 25 7491 95 74197 1.25 74130 45 741502 235 
4014 1.10 7412 30 7492 95 74198 2.35 74447 1.98 341504 135 
401Б .95 7413 АБ 7493 40 74221 1.00 741.51 45 3411505 45 
4016 135 7414 1.16 7494 1.25 74367 .B5 74155 65 741.508 .35 
4017 1.10 7416 25 7498 ‚60 74L72 45 741509 .3b 
4018 1.10 7417 40 7496 480 75108А .35 74173 40 741510 .35 
4019 .60 7430 15 74100 1.85 75110 35 74174 45 241511 .35 
4020 ‚85 7426 430 74107 35 75491 ‚50 74175 .55 341520 .35 
4021 1,35 7427 45 74121 ‚ЗБ 75492 „БО 74193 .55 741521 .25 
4022 95 7430 .15 74122 .bh 74L123 .b5 741.522 „25 
4023 25 7432 130 74123 ‚ББ ТАНОО .25 7411532 AQ 
4024 75 7437 435 74125 45 74H01 25 74500 ‚55 341537 135 
4025 Ab 7438 KI 74126 35 74H04 .25 74502 .55 741540 45 
4026 1.95 7440 25 74132 1.35 74H05 .25 74503 30 341542 1.10 
4027 150 7441 1.15 74141 1.00 74H08 .d5 74504 i5 7411581 „50 
4028 95 7442 45 74150 85 74H10 .35 74505 35 741574 -65 
4030 KL 7443 .85 74151 5 74H11 .25 74508 435 341586 .B5 
4033 1.50 7444 45 74153 ‚ЗБ 74H15 .30 74510 .35 741590 „95 
4034 2.45 7445 .65 74154 1.05 74H20 30 74511 -35 74L593 .95 
4035 1.25 7446 .95 74156 55 74H21 25 74520 .35 74LS107 ‚85 
4040 1.3Б 7447 95 74157 .65 74H22 ж 74540 .25 7415123 1.00 
4041 .69 7448 70 74161 85 74H30 .25 74550 ‚25 3415151 .95 
4042 95 7450 25 74163 95 74H40 25 74551 45 3415153 1.20 
4043 .95 7451 25 74164 .60 74H50 .25 74564 25 741515) .85 
4044 .95 7453 .20 74165 1.50 74H51 .25 74874 .40 7415164 1.90 
4046 1.75 7454 25 74186 1.35 74H52 .15 748112 90 7415357 .85 
4049 170 7460 40 74175 .80 74Н53Ј 25 745114 1.30 7415368 .85 
4050 ‚50 74HBS 
4066 ‚95 
4069 .40 
4071 к]; 
4081 .70 8266 ‚ЗБ LM320K5 (79051 1.65 LM340T24 . LM723 ‚50 
4082 .45 MCT2 .95 LM320K 12 1.65 LM340K 12 2.15 LM725 1.75 
8038 3.95 LM320T5 1.65 LM340K 15 1.25 LM739 1.50 
9000 SERIES LM201 75 LM320T 12 1.65 LM 340K 18 1.25 LM 741 (8-14) .25 
9301 ‚85 LM301 ‚25 LM320T15 1.65 LM340K 24 95 LM747 1.10 
9309 35 LM308 (Mini) 75 LM339 95 LM373 2,98 LM1307 1.25 
9322 185 LM309H 65 7805 1340Т5) 95 LM380 95 LM ?458 .95 
95H03 .b5 LM309K (340K.51 .85 LM340T12 1.00 LM709 18,14 PIN) .25 LM3900 ‚50 
9601 ‚75 LM310 1.15 LM340T15 1.00 LM711 ,A5 LM75451 .65 
9602 „50 LM311D {Мин .75 LM340T18 А МЕЅ55 ‚50 
M318 (Mini) 65 NES56 .95 
MEMOR Y CLOCKS NES565 .95 
745188 18223) 3,00 ME566 1.75 
1702A 6.95 INTEGRATED CIRCUITS UNLIMITED NES67 138 
MM5314 3.00 
MM5316 3.50 
2102-1 1.75 7889 Clairemont Mesa Boulevard, San Diego, California 92111 SPECIAL 
2102L-1 1.95 - j 
ПОЛЕ БВ; (714) 278 4394 (Calif. Res.) 7 DISCOUNTS 
TMS 6011 6.95 All orders shipped prepaid No minimum Total Order Deduct 
8080AD 15.00 Open accounts invited COD orders accepted $35 - $99 5% 
8713 1.50 $100-$300 10% 
8T23 1.5D Discounts available at OEM Quantities — California Residents add 6% Sales Tax $301-$1000 15% 
8724 2.00 All [C's Prime/Guaranteed. All orders shipped same day received. $1000-Up 20% 
2107B-4 4.95 24 Hour Toll Free Phone 1-800-854-2211 MasterCharge / BankAmericard / AE Circle 52 on inquiry cara. 
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New Micro Store Catalog 
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This 36 page catalog describes the 
offerings of the two Micro Stores іп 
Richardson and Arlington TX. Like a 
few other recent computer store cata- 
Jogs and shopping guides, this one helps 
educate the customer by including a 
section on "How to Buy а Microcom- 
puter" and by providing extensive 
product descriptions (as many as five 
pages оп one manufacturer's product 
line}, The catalog is available from 
the Micro Store, 634 5 Central 
Expy, Richardson TX 75080, (274) 
231-1096.n 
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A Marketing Resources Catalog 


A free catalog listing publications and 
services related to the techniques of mar- 
keting electronic products is being 
offered by Mainly Marketing. The 
manuals and services listed are aimed at 
engineers, manufacturers’ represent- 
atives, marketing and sales people, and 
advertising people. A monthly news- 
letter is also described which deals with 
this field. To receive the catalog, send 
a large stamped (244) self-addressed 
envelope to Schoonmaker Associates, 
Drawer M, Coram NY 11727. в 

Circle 610 on inquiry card, 


The Story of Magnetic Media 


Want to know more about the future 
potential of removable magnetic storage 
devices and media? A new six page 
brochure reviews the history of re- 
movable media and discusses current and 
future applications. Copies are free from 
Information Terminals Corp, 323 Soquel 
Way, Sunnyvale СА 94086.9 

Circle 606 on inquiry card. 
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Want to Build Your Own 
Altair (S-100) Card Frame? 


The Crate information Packet is a 
complete set of plans for constructing 
an Altair (5-100) compatible card frame 
and power supply. The design can be 
adapted Lo any of the available Altair 
(S-100) mother boards, and can be 
buHt from commonly available materials 
for about $150. The plans include in- 
formation on sources of materials, tools, 
parts for the power supply, and front 
panel options, Either a full size or a 
twelve slot card frame can be built. The 
information packet is $19.95; alsa avail- 
able are prepunched and drilled front 
and rear panels for $11.95 each or $20 
per set, from Objective Design Inc, 
РОВ 20325, Tallahassee FL 32304.» 

Circle 611 on inquiry card. 


User Manual Available for BASIC-E 


Users of the BASIC-E compller 
on the CP/M operating system for 8080 
based computers will profit from this 
excellent, 200 page reference manual 
and user’s guide. It goes far beyond 
most BASIC manuals and indeed beyond 
most textbooks оп BASIC programming. 
Besides its comprehensive coverage of 
BASIC language features, including char- 
acter string handling and disk file defini- 
lion and access, the manual provides 
information on interaction with the 
user's terminal in BASIC, compiler 
options and error codes, a guide for 
beginners, and hints on problem solving 
and programming techniques. — 16 
appendices offer examples of BASIC-E 
programs and treat topics such as how а 
program works, compilers versus inter- 
preters and structured programming 
techniques. The manual itself is priced 
at only $15, while a floppy disk con- 
laining the latest BASIC-E compiler 
and runtime moniter, a formatting 
procedure, letter writer and name fiie 
manager, a file transfer facility for 
object files, and miscellaneous other 
programs sells for $60, from John К 
Jacobs, JEM Company, 2555 Leaven- 
worth St, Suite 301, San Francisco 
CA 94133, (415) 673-8962.u 
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New Catalog from Wintek 
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This catalog describes the hardware, 
software and custom services available 
fram Wintek Corporation, including the 
WINCE 6800 series micromoduies, soft- 
ware such as the PL/W high level 
language, relocating linker and BASIC, 
consulting, and in-house courses on 
microprocessors. The catalog is available 
fram Wintek Corporation, 902 N 9th 51, 
Lafayette IN 47904, (317) 742-5802.» 
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Datapro Report on Microcomputers 


This new 36 page report provides 
detailed specifications an 144 models 
of microcomputers, and comments on 
their potentia] applications, The report 
distinguishes between original equipment 
manufacturer (OEM) microcomputers, 
micro development systems апа 
hobbyist microcomputers, and evaluates 
products in each category. Offerings 
from 57 vendors are covered, and names 
and addresses of vendors are included. 
Reprinted from the June supplement 
to Detepro Reports on Minicomputers, 
the new report is available for $12 per 
copy from Datapro Research Corp, 
1805 Underwood Blvd, Delran NJ 
08075, (609) 764-0100.» 
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Manuals for Floppy Disk Controller Chip 


These two manuals describe how to 
use the NEC uPD372 floppy disk con- 
troller chip, which provides most of the 
functions needed to control up to four 
full size or minifloppy disk drives (see 
"What's New?" March 1977 BYTE, 
page 105}, Complete assembly language 
listings, schematics for host processor 
connections, timing diagrams and narra- 
tive text are included, The 70 page 
manual for the full size floppy drive and 
the 44 page manual for the minifloppy 
drive are $10 each from NEC Micro- 
computers Inc, 5 Militia Dr, Lexington 
MA 02173, (617) 862-6410. 
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MICROCOMPUTER | 


8080A SUPPORT DEVICES 


8K STATIC RAM BOARD 


ASSEMBLED & TESTED 


MICROPROCESSOR': PROM'S 


- 1702A 5.00 
joo BE ЕЕЕ ыг 388 250ns. 19995 
2-804 35.00 2208 20.00 
CDP1B02CD 24.95 - 
АМ2901 22.95 3601 4.50 3 50ns. 1 89.95 
6502 12.95 §20340 4,00 
Є800 19.95 520440 6.00 4 5 
8008-1 8.75 gaza 1 ! 6.95 П $. а 
BOA 45.95 : 
TMS.99D0TL 89.05 WILL WORK WITH МО FRONT PANEL 


FULL DOCUMENTATION 
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5100 DESIGN 


6800 SUPPORT 
6810P 4.95 


STATIC RAMS 
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Р 
68200 382 21L02 (450) 150 140 125 ADEQUATELY BYPASSED 
6B34P 16.95 21102 (250: 155 180 1.50 LOW РОМЕН SCHOTTKY SUPPORT ІС 5 
6850Р 9.95 21011 4.25 410 — 395 
6852P 11.95 1101A 1.49 1.29 1.10 
68B0P 14.85 2101-1 295 275 260 KIT 
6862P 17.95 2102 1.25 1.15 1.00 
GBBOP 270 2102-1 1.50 1.30 1.15 
2111-1 4,00 3.50 3.25 250ns 169 95 
112- . . А 
280 SUPPORT DEVICES 21127 1290 1280 1269 . . 
3881 12.95 31.01 250 2:35 200 
3882 12.95 3107 3.95 370 325 ns. Д 
42004 12.95 1250 1199 
4804/2114 1785 1695 16.50 
F-B SUPPORT DEVICES 5101C-E 1195 — 1125 1026 4 50n S. $ 1 29 95 
3851 14.95 24С89 3.28 3.05 2.85 s 
3853 14.95 748201 4.50 4.30 425 
7489 2.25 2310 190 
DYNAMIC RAMS 8599 1.88 3.75 1.60 S-100 
1103 1.50 S102BPC 1.65 145 1.30 IMSAI/ALTAIR COMPATIBLE 
2104 4.50 
2107A 3.75 KEYBOARD CHIPS 
21076 4.50 AY5-2376 13.95 
21078-4 4.00 AY5-3600 13.95 
тм54050 4.50 J AD Б 
TMS4060 4.50 , 
4095 4.50 UART'S 
4116 42.00 AYS5.1013A 5.50 
MM5270 5.00 AY5-1014A 8.95 
MM5280 6.00 TR-1602A 5.50 


6530-005 
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5-2350 10.96 
WD16718 А 


TMS-6011 6.85 
IM-6402 10.80 
IM-6403 10.80 


FLOPPY DISC CONTROLLER 


MCM6605 6.00 


—with PROVISIONS for 
ONBOARD 2708 and POWER ON JUMP 


CHARACTER 
GENERATORS 


2513 UP 6.75 1771B6 55.95 

2513 DOWN 675 | 17716-01 59.95 WAVEFORM GENERATOR (2MHZ) 
2513 UP (Бу) 8.95 8038 4.00 в в 

2513 DOWN (Sv) 10.95 | SHIFT REGISTERS STATIC | МС4024 250 

ҮРКЕРДІҢ 1080 | 25188 3.95 566 1.75 

MCMB572 10.80 | 2533У 2.00 1 49 9 5 Е А (4МН2) 
MCME574 14.26 TMS3002 1.00 . a 


TMS3112 3.98 


MCM6575 14.75 
MM5058 


BARE BOARD $35.00 


MISC. OTHER COMPONENTS 


NHOOZ5CN 1,70 Р-340ВА 5.00 
NHOOZECN 2,50 P.4201 4.95 


NBT 20 3.50 MM-5320 7.50 

NBT26 2.45 MM.-5369 1.90 Game Chip 

74367 90 DM-BI30 2.80 TMS1955NL IMSAUALTAIR - COMPATIBLE 

омв0Әв .90 DM8131 2,75 No Onl 

1488 1.95 DM-8831 2.50 Ww 

1489 1.95 DM-8833 2.50 У 

D-3207A 2.00 0м.8835 2.50 | 

C-3404 3:95 SNJALS367 90 $10.95 JA D E 8080A K | 
SN7ALS388 90 
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$110.00 kit 
BARE BOARD $35.00 
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Computer Products 


^ 
cope 5351 WEST 144th STREET 
p LAWNDALE, CALIFORNIA 90260 
u (213) 679-3313 
RETAIL STORE HOURS М-Ғ 9-7 SAT. 9-5 
Discounts available at OEM quantities. Add $1.25 
for shipping. California residents add 6% sales tax. 


CATALOG FREE WITH $10.00 ORDER 


PerSci DISK AND CONTROLLER 


Use the PerSci Disk and Controller now with the 
Info 2000 Adapter for the S-100 Bus. 


INFO 2000 “SPECIAL” 
{includes Model 277 Dual Drive, Model 1070 


Controller, Case with power supply and fan, 
and cable) 


Model 277 Dual Diskette Drive 

Model 1070 Controller 

Slimline case with power supply and fan 
Adapter for the S-100 Bus (Kit) 


JADE PARALLEL/SERIAL § JADE 
INTERFACE KIT VIDEO INTERFACE KIT 
$124.95 KIT $89.95 KIT 
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PERIPHERALS 


Print 9 Part Forms 


Multiple forms of up to nine parts, 
such as airline tickets, invoices and 
warehousing slips, can be handled by 
this terminal. The Terminet Multi-Form 
Printer (MFP) prints 80 or 132 char- 
acters per line on 8.5 by 11 inch (21.6 
by 27.9 ст) paper at 30 characters 
per second. Other options include 
magnetic or paper tape and TWX Direct 
Distance Dial (DDD) capability. The 
MFP is $1675 with 30 to 60 days 
delivery, or $3220 with a single 
magnetic cassette drive, from General 
Electric Data Communications Dept, 
AS&P, Waynesboro VA 22980, (703) 
942-8161." 
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Selectric Terminal Features 
Microprocessor 


182 


This device uses a built-in micropro- 
cessor to make а Selectric typewriter 
behave like a standard ASCII terminal. 
It offers an RS232 interface and is fully 
buffered, with switch selectable data 
rates of 110, 134.5, 150 and 300 bps. 
When off line the terminal can be used 
as a standard office typewriter. Since 
the terminal employs a microprocessor 
it can be modified to meet special 
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Cassette Interface for Altair 680b 


This board provides ап audio 
cassette interface using the Kansas 
City recording standard for the MITS 
Altair 680b computer. The board 
includes a digital demodulator and a 
motor control circuit for starting and 
stopping tape motion. Complete 
documentation including test point 
waveforms is provided. Altair 680b 
BASIC Version 1.2 provides facilities 
for saving and loading software using 
the cassette interface, and is available 
on an audio cassette. The 680b KCACR 
is available from MITS, 2450 Alamo 
SE, Albuquerque NM 87106. a 


Circle 585 on inquiry card. 


Cassette Storage for Terminals 


This tape cassette drive is designed 
to operate with terminals and data 
collection devices. It offers an RS232C 
interface running at 110 or 300 bps. 
The Model 815 Datacassette weighs 
only 6 pounds (2.7 kg) and is priced 
at $950. A battery operated model, 
weighing 10 pounds, (4.5 kg) is priced 
at $1095, Delivery time is 45 days, 
from Techtran Industries Inc, 200 
Commerce Dr, Rochester NY 14623, 
(716) 334-9640. = 


Circle 586 оп ілашгу card. 


interfacing requirements, and is available 
with two empty card slots for user 
supplied interface circuits. The unit is 
priced at $2125 in single quantities with 
60 day delivery; attractive OEM discount 
Schedules are also available, from CPT 
Corporation, 1001 5 2nd St, Hopkins 
MN 55343, (612) 935-0381. = 
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Experiment with This Keyboard 


This user definable keyboard is 
ideal for the experimenter whe wants 
to use the full APL character set, 4 
special notation for music, or some- 
thing more exotic. 100 keys are included 
with hot stamped letters, and 90 keys 
may be encoded by the user into any 
configuration of eight bits. Or, some 
keys may be used as separale switch 
closures to contro! external circuitry. 
Ten keys are used Lo directly control 
the eight encoding bits. Facilities are 
included for shifting character codes 
(as between upper and tower case), an 
electronic shift lock, and positive and 
negative strobe signals. Eight LEDs 
are provided for display of the encoding 
bits, and 12 additional LEDs can be 
used for status display. The keyboard 
can be configured to transmit the 
full 128 character ASCII set with 25 
keys left over for special functions. АЙ 
decoding is done with a diode matrix. 
The keyboard is available from Com- 
puter Electronics Inc, Box 4386, 37 
Joseph Ct, San Rafael CA 94903, (415) 
472-2425. m 
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Versatile Video Memory Board 


The Solid State Music УВ? video 
interface board for the Altair {5-100) 
bus offers 16 lines of 32 or 64 char- 
acters, upper case, lower case and 
Greek letters, video inversion (black 
on white or white on black), and 128 by 
48 graphics. Software is included for 
cursor control, scrolling and graphics 
display. Output of the board can be 
parallel or composite video, suitable for 
a video monitor. The VBi is $189.95 as 
a Kit or $264.95 assembled and tested 
from Solid State Music, 2102A Walsh 
Av, Santa Clara CA 95050, (408) 
246-2707. 
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COMPLETE MANUAL FOR DIGITAL CLOCKS by Joi 
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DISCRETE LEDS 


200^ dia 
fed 
Green 
re lew 
сами 


DISPLAY LEDS 


POLARITY 


GORTEA Аге rez 

> fot Matra ted 
Cornon Сатозе red 
Corman Cattode-ted 
Common Apode rti 
Commer Anode ger 
боттоу Anode yt iow 
Con mon A»uge-Qieen 
Соттоп A»ade-re3 
Common Агуәйв-тез 
Corman Cathode ced 
бегіне Anbde-yele 
Common Anode. угым 
Carmon Crheoe selon 
Lom men A»ode-cnangs 
Common Rande cange -1 
Carman Cathode orar ge 
Cac тро Anoat jungr 
torron Cathode orange 
Lermon Алы ты 7 
Corman Andie (td 
Com me» Cathode rec 
Сет тра Ang -,eliaw 
бе--ше Anezi- i130 D 


5" аә 
йм! 
teen 
теше 
сем р 


+з 
Сы 


ТҮРЕ 


MAN з 
MAN 2 
MAN у 
Мач 4 
MAT 
мач тб 
МАЧ TY 
MAN 52 
MAN 71 
ҸАН 72 
MAN 74 
MAN AT 
ҸАН 82 
MAN gt 
MAN 3670 
MAN 353) 
МАН 3242 
MAN 1611 
MAN 440 
MAN ATH) 
MAL ATIO 
MAN 4740 
MAN 4410 
MA 2510 


ag 
49% 
48 


ЗЕГЕ $17.00 pur set 
by Pott Rei, Grid С Listed WANT] 
Ба: m d fe Coria ттт thi oe Goat 9) ANATA JELAS 12 Әкел 
т tancte 184 элй бар: ү: алда Буи TTL жуу: Cat 10 uM тт LN рл. 
TODA вл FETGES кишти Үд мат ACLS та шы; оча of 
тш кайла уздш} ыш. AG Toc Рн Cup кюн тшф- 
phun dubpenn LED Sapiuys йад x. ВОМ ъ prd ouch much mz 


600800011 Б 
Bp Pie Мың. Coot 0 ты. WAHT J 

Топ pat жа ртов рро Їй the tata МАЙ! сър Aa at ponat 
iche aa beter date тегі. Ші aed yout трасата MAU Л жас Cz 
жыт ы құла "9226 сиға anat] Расму итте 
Jat чр RTTY жұты 


КІН 

жу тім Р. Мау, Пт 0. Lorem WANT), жай à Тін 
кең тісі crar pun. 7 20 icgather Opes having ouch бори Srl 
Tharp из a шз of еңиітегіз in wtich 174 negat! qupd explores ine 
3000 бур pn mw pn Kd wirocuort yov 10 Te Ма% @0 тыгосотрлн. 3 
qu вау эгат Seite Pop eee mended ТАШ ou tave tha WO- 
puas ол me PJOBODAS | al briz procentirg ше» BUOBOUK t 
Weapon vin Vi £79.00 pur 1e 
Ву Gavi O Lares, Pater A. Мау, жолма А. Thua 
Enoesments wi cota sactorc SONDA m«cocomgdar догат andi 
ЗА moarn ктар дл ead сес” ta wt аала 

е "Vi rirgrates tha dais voreres сї Ваай ЗА | rere of 

тесер" progres wd iiticliong Оил & ubontany 

xpescerts roused e wach woo 
CMOS-M — DESIGNERS PRIMER 
ANE HANDBOOK 
Starts и Base stratus of CMOS беліп Preugh 
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POLARITY 
Common Anrede orange 
Common Cat^ede vange 
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Common Catrode-eed - 1 
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Сот пол Cattode FAIS 
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Сатуна Anode SFNOS1DY 
25) Пейн» 
TSR Ng LPDP 
бете character d+ 
7340 £a 7 50 Cot oim 


ЕГІ 
чаб s d 6 
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TYPE 

MAN 6530 
MAN БЫЗ 
WAN 5550 
МАН 6650 
MAN 6680 
MAN 6710 
MAN 611 
Маң 47 
MAN 6750 
MAN 4260 
MAN 6782 
0.204 


XR-2206KB Kit $19.95 


WAVEFORM 
GENERATORS 
AB 204 
iR ТОР 
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"А АУС? 
aR GER 
AR ABOE 
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STEREO DECODERS 
өт 
IX 


EXAR 


MISCELLAMEQUS. 
ША 
184726 
08-1468 
АЙЫНА 
XR-1458 


FH SSECP 

«А 25880 P 

AR 22ULF 

PHASE LOCKEN LOOPS 

aR pid 520 

LO ЗЫР 

WHY 195 
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С SOLDERTAIL — LOW PROFILE (TIN) SOCKETS 


vem куб) 
4 
"à 


У ` SOLDERTAIL STANDARD (ТІМ) 


5 EN NM Б 
B 


M 


di. 


^ SOLDERTAIL STANDARD (GOLD) 


HB ph E : n 


Man 
Фай" 
ыг 
ШЕШ 


WIRE WAAP SOCKETS (GOLD) LEVEL #3 


Bpr 
йрт 
Hope 
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50 PCS, RESISTOR 


міне 
7 пн 


PELLI 
ману 


[ELI 
нон, 


ASST. 1 See 


ё ини 
кааны 


Bà 
батаны 
ATU OHNE sre 


ASST, 


за 
оны 


ASST. $r 


ASST. 


fh 
Vain 
"м 


ASST. NM 


ASST. 8R 


35.00 Minimum Order — 0.8. Fuads Only 
Calltorntn Residents — Add 6% Sales Tax 


5er 


Os: 


Includes Resistor Assortments 1- 7(350 PCS.) 


LECTRONICS 


22 pa 
bun 
м 
EE 
40 п 


ASSORTMENTS $1.75 PER ASST. 


TAA 
iD fana 
tefl unto 
Тоа funt 
EN н 


әсем 
моим 
тас йм 
КЕНТІ 


144 WATT St) HOPES 


174 WATT S. WIPES 


UA WATT 59. SPS. 


WA WATT з, SO PCS 
d 
19" VA WATT SS. — SOPCS 
E 
ESIR 
хам 

ED 


144 WATT Ste 30 PCS 


14 WATT 5% 0Р5 


$9.95 ea. 


Spec Sheets - 25e — Send 35е Stamp tor 1078 Соо 


totormation Available 


1978 
CATALOG 


AVA LABLE 


1021-A HOWARD AVE.. SAN CARLOS, CA. 94070 
PHONE ORDERS WELCOME — (415) 592-8097 
AN Advertised Price Good Thru January 


HOBBY-WRAP TOOL-BW-630 


e Battery Üperared (Size CI 

e Weighs ONLY 11 Dunces 

s Wraps 30 AWG Were onlo 
Standard [ИР Sockets 1.025 пелі 
Complete with beitan bit and sleeve 


Y 
$34.95 


Dene: n3 AC лет 


WIRE-WRAP KIT — WK-2-W -~ 


WRAP e STRIP ә ME eS ew 


e Tool for 30 AWG Wire 

• Ной of 50 ft. While or! Blue 30 AWG m ' 
WIRE WRAP 7001. WSU-30 
WRAP e STRIP a UNWRAP -$5.95 


e SÜpcs each 2 3° & 4 епн — > 
pre-stripned. wite 
$11.95 
WIRE WRAP WIRE — 30 AWG 
25ft пип. $1.25 504. 51.95 10011 $2.95 10001 $15.00 
SPECIFY COLOR — White - Yellow - Red - Green - Blue - Black 


Ld 
WIRE DISPENSER — WD-30 
e 50 M. rolt 30 AWG КҮЧАҢ wire wrap wire 
ә Cuts wire 10 desired ngih $3. 45 ea. 
e Strips 1" of insulatlon — Spaclly — Blue-Veliow-White-Red 
REPLACEMENT DISPEHSER SPOOLS FOR WD 30 
Specify blue, yellow, white or red 


DiP/IC INSERTION TOOL WITH РІН STRAIGHTEN 

Inserts both 14 and 16 pin packages. Pin Straightener 
built into Handle. 

Mode! INS-1416 $3.49/ea, 


HP 5082-7400 SERIES — MULTI-DIGIT 
10 or more 

$ 78 68 

89 78 

90 88 

119 99 


Pad 


34.98 /spool 


ж Ww ht e Common Cathode Red 2 Digit 
e 3-5 volts «a 5 mils/second 3 Digit 
e 7 segment Monclthic 4 Digit 
s Dip Package 5 Digit 


TV GAME CHIP SET — $9.95 
Includes AY-3-8500-1 Chip and 2.010 mhz cryslat 
(2.010 crystal — $1.95 ea/AY-3-8500-1 Chip — $8.95 ға) 


ZENEAS — DIODES — RECTIFIERS 
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4 ry 
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106v 
OOPS 
hy 
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PERIPHERALS 


EROM Programmer for Micro Designer 


This accessory for the Mini-Micro 
Designer (MMD-i) _ microcomputer 
trainer makes it possible to program a 
256 byte 1702A erasable read only 
memory (ЕКОМ) in about 4 minutes. 
Programming data сап be obtained 
from any block of memory in the 
MMD-1 ог from a master EROM which 
is to be copied, After programming, 
ihe contents of the EROM can be 
verified against the source data, The 
programmer is attached to the MMD-1 
through an included 40 pin connector 
and ribbon cable assembly. The MMD-PP 
programmer is $166 in kit form or 
$222 assembled, from E & L Instru- 
ments Inc, 61 First St, Derby CT 06418, 
(203) 735-8774, = 


Circte 588 on inquiry card. 
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Instrumentation Printer Offers 
Serial Interface 


This unit prints up to 21 columns 
of numeric and limited alphabetic 
data at a rate of 3 lines per second. 
The printing mechanism has a 5 million 
line life and uses a cassette loaded ink 
ribbon. Options include a date and 
time clock, event counter and paper low 
indicator. RS232 and 20 mA current 
loop interfaces simplify connection 
to а microprocessor. The MDC 300 
printer starts at $595 in single quantities 
from Master Digital Corporation, 1308-F 
Logan Av, Costa Mesa CA 92626, (714) 
751-8271." 


Circle 5B9 on inquiry card. 
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New Plasma Display Terminal 


This new plasma display terminal 
is designed to compete with ruggedized 
alphanumeric and graphic cathode ray 
tube (CRT) terminals in. the $8,000 
to $15,000 price range. The plasma 
display features a neon orange color 
twice as bright as a CRT screen, with 
a 20 ta 1 contrast ratio. The Ilat 
display plate eliminates distortion and 
allows a wide viewing angle, while the 
50,000 Hz “refresh” sustaining voltage 
produces a flicker free display fixed 
in place by the matrix of lines "printed" 
on the glass plates, with a resolution 
equivalent to that of a 60 mesh halftone 
screen. The display panel itself is only a 
half inch deep, and it can be combined 
with back projection techniques to 
produce a display partly from film 
and partiy from the computer, or 
"drawn" by the operator. 

The plasma display panel consists of 
two glass plates printed with parallel 
conductor lines at right angles to each 
other. The space between the plates 
is filled with neon gas, and an oscillating 
voltage is applied across the gap, just 
below the threshold required to tonize 
the gas. When voltages are applied across 
two intersecting lines, a glowing plasma 
path is established at the point of 
intersection and thereafter sustained 
by the oscillating voltage. The neon 
"dot" can be selectively erased by 
dropping the voltage across the inter- 
secting lines below the sustaining level. 
This selective erasing capability makes 
the plasma display especially suitable for 
real time animation, 

Developed at the University of 
Illinois as part of the PLATO computer 
aided instruction system, plasma display 
panels are now produced by several 
manufacturers in the US and abroad. 
The Model PD 2000 terminal (pictured) 


incorporates the plasma panel in a 


commercial terminal design. Also offered 
are the PD 1000 and the PD 3000, the 
latter designed for airborne or ship- 
board environments. The terminals 
are available from Interstate Electronics 
Corporation, 707 E Vermont Ау, РОВ 
3117, Anaheim CA 92803, (714) 
772-2811." 


Circle 587 on Inquiry card. 


Control 128 Devices from One Port 


This interface system allows you to 
control up to 128 separate devices or 
circuits through one 8 bit port or an 
ASCII serial interface. Devices controlled 
may include room lights, sprinkler 
systems or laboratory experiments. The 
system consists of a mother board and à 
series of interface boards, with LEDs 
to display the status of each board and 
the 8 bit bus. An enclosure is available 
which allows all of the LEDs to show 
through a red Plexiglas front panel. 
The XPRES interface system 1s available 
from CRC Engineering Inc, POB 6263, 
Bellevue WA 98007, (206) 885-7038. а 


Circle 590 on inquiry card. 


Add a Cassette or Plotter 
to Your Teletype 


This adapter provides an auxiliary 
input output port on a Model 33 Tele- 
type, making it possible to add a tape 
cassette, XY plotter, or other device to 
the Teleprinter system. The adapter also 
works with the Teletype in local mode. 
The unit mounts in the pedestal of the 
Teletype and provides ап RS232 inter- 
face terminating in a DB255 receptacle 
for the auxiliary equipment. Priced at 
$110, the adapter is available as catalog 
number 312 A 0566-10 from United 
Data Services Company Inc, 3024 N 
33rd Dr, Phoenix AZ 85017, |602) 
269-2449," 


Circle 581 on inquiry card. 


Eae vir contains 359 wires. 


BREAD BOARD ги comin 250 aves 
ЁЙ JUMPER WIRE КІТ "эло! eso 


Each wam si треї aad 
қ the frads заж bent 907 for 
м ызу ASETA 
Were lengit is ciasshed 
by tolar cong 

м A жтт soled imed 22 

opr wth PC onsufahon 
‘The mees came parken ш 


JK1.. 3 4Qniement pashe box 


iin SOCKET 
| JUMPER 


Part Но. 
924003-18R 
| 324003-06R 
824005-18Ң 
924005-0ЕҢ 
Fed 18R 


is JUMPE 
HEADERS 


Part No. 

923863-R 
923673-А 
929865-A 
923875-R 


$10.00 / kit 


Mates with two rows of .025" sq. or 
dia pasis on patterns of .100" 
centers and shielded receptacles. 
Probe access holes in back. Choice 
of 6" or 18" length 


Ho. юв мош Price 


Solder to PC boards for instant 
plug-in access via socket-connector 
jumpers. 025° sq posts. Choice 
ol straight or right angle 
No. nf Posis Angla 
26 Straight 
26 right angle 
40 5\гаңу! 
40 right angle 
9238566-A 5 Straight 
82 3876-R right angle 


Ый INTRA- CONNECTOR 


Ый both straight and righl angle functions. Mates 
snih standard 10 х 10" dual row connectors (i.e. 3m. Ansley, 
Ble.) Pennits quick testing of inaccessible lines. 

Pari No.: 922576-26 No. ol contscis: 26 Price $6.90 ea 


Өй INTRA-SWITCH 


Permits Instant tine-by-line switching for diagnostic or OA 
lesiing. Swilches aciuated with pencil or probe tip. Mates with 
slandard 10^ x .10" dual-row connectors. Low prolila design 
Switch tuttens recessed Io eliminate accidental switching. 


Рап Ho.: 15-26 Но. of contacts: 26 Price 513.80 ea 


-"« CRYSTALS gx 


THESE FREQUEHCIES ONLY 

Рай» Feaquency Case/Styie nite 

Гүл 1 000 Mhr HC33 U $5 95 
СУА „200 мні нїш $595 
HEIDE 2 010 Mar HEIR $185 
СУЗА 4000 MHz нозу 55 95 
CA 5 000 Мн шм Т 5495 
СУТ2А 10 000 Ұн; HOB U 5495 
[MALI 14 318*8 MHz нї) $4 95 
CY194 18000 MHz нїш 54 95 
Inr 30 (00 MHz HCI8 U $395 
СУВ 32 000 Мн; HC18 U 54 85 


CONNECTORS 
PRINTED CIRCUIT EDGE-CARD 


156 Spacing-Tin-Double Read -Out . 
Bilurcated Contacts — Fits 054 10 070 Р.С. Cards 
15:30 PINS (Solder Eyelet) $1.95 
1B/36 PINS (Solder Еуе/е1) $2.49 
22/44 PINS (Solder Eyelet) $2.95 
50/100 PINS (Wire Wrap) $6.95 
50/100A | 100 Spacia! PINS (Wire Wrap) $8.95 
25 PIN-D SUBMINATURE (85232) 


| 0825Р PLUG $3.25 
DB25S SOCKET $4.95 


шаа EAT SINKS Bett 


- CH — Berylkum Copper w-black finish for Т0-5 
-.36H Aluminum far 70-220 Transistors & 
Regulators 
660-.75A Black Anodized Aluminum for Т0-3 
Dude 4 — Black Anodized Aluminum — predrilled 
mounting holes lor T0-3 — 4 x ta x 2^. $1.75 


Elching Kits {canned be shipped vu air) 
32 X A-1— — PC Et Mateni ш 
enough Mr 5 Сиш boards 
27 ХА-1---- коеп Сосн кі 
Plugboards Стрим ви — ычу pod water 
3662 ———— 5 5X 452 1 "ауда 
P-Pattermo44 PE Jaos-soaced. 156 
22/44 ——— Мия илиш bor phupdoand — 
$2 pan боле тада 
8800у Usrversal Micrccomputer Ргпсеввв" 
prugowsid — Epuvy Glass — сотне 
ж\з пеңізіліс ard mount ng агба 
5 312 3 109 1.16 cooper clan 


1/18 VECTOR BOARD 


ВІ How spat] P.Patum. 
Part Иа w 


BPH O6IXIKP 


Price 
$1.28 ea. 
1.52 ea. 
1 94 ea. 
2.30 ға. 
2.36 ea. 
2.82 ва. 


75А 


$ .25 
$1.60 


$29.95 ва, 
5 9.95 ea. 
5 6.95 ea. 
$ 2.95 ез. 


PHENOLIC 
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GLASS 


Am RA 
¥RSESES - 


EPOXY GLASS 
COPPER CLAD 


63 KEY KEYBOARD $29.95 


Fans ігулдәл? Hals 63 шлем] 
Сата SPST ару, snatfache to 


afa wit РЕВ A кету cons 
Molded райс 13 а А base] 
3. Ih est аббата 


АҮ Encoder Chip [encodes м evs! 


Circte 55 on inquiry card, 


a MICROPROCESSOR COMPONENTS 


CPU 

B Ви Input/Output 
Priority Interrupt Conteot 
Bi-Direttional Bus Driver 695 
Clock Generator. Driver 9.95 
System Controller Bus Driver 10 95 


$16.00 
495 
15.95 


780 


- 
-- | 
Bess Res 


1 


MC6800 
MC6E20 
МСБЕТПАРТ 128 x 8 Static RAM 
MC6630L8 1024 x 8 Ви ROM 


2100299102 < 
Dod 


COP1802 CPU 


B Bit MPU 
Репрћ. Interface Adapter 


$129.95 kit onty 


The Решту р 103 i ctsatle 4 rete 20270 and fem ade ape without 
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forthe deal lu adibtiee ites sae ot cones ausiment 
tidy vaate parts 
Data Transmission Method. 
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Chat Gen -upptr case 

Съд Gen dower Cast 

Char Gen 

2048 ВІТ 1577 к4 оп 256 x 8) 


fao 
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11090 
ан 
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40N3817 
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AY 5.020) 
AY 5-5550 
A-5238 
9374 
825115 


Featured оп February's Front Cover of Popular Electronics 


Logic Analyzer Kit 
Model 100A 


$229.00/kit 


Model 100A атади $295.00. 
Analyzes any type of digital system 
Checks data rales in excess о! 8 
million words per secand 

e Trouble shoot TTL, CMOS, OTL. RTL. 
Schottky and MOS families 

« Displays 16 fogic states up to 8 digits wide 

« See ones and zeros displayed on your 
CRT. octal or hexadecimal formal 
Tests circuits under actual operating condibons 
Easy to assemble — comes with step-by-step consti 


manual which includes 80 pages on logic analyzer operation. 
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— Bezuues a VOV. Ашһ (өс ae’ Freque ay Counta саа ог 35105 
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Eprom 
Tr State Bigo ae 
Deer Collector Виска 


CLOCK CHIPS 
мм5309 9985 
MMSI 
MM$312 
мм534 
MMS316 
15318 
мм 
ММ5841 

сти 
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With BSR Changer 

» PLL System 

e BSA Record Changer 

a Silde Controls 

е Automalic AFC Control 

e 4 Speaker Quiput 

a Walnut finish viny! covered 
wood veneer with smoke 
dust cover 

Size; 20°W x SHH x 1540 


Model 8385 $149.95 
DIGITAL STOPWATCH | 


» Bright 6 Оки LEO Osspiay 
«Тема In 59 тиз 1912 eas 
vo Crystal Coniratied Tne fase 
a Тм Stopwalkchts m бле 

Theres. Sie Event — Spit & Tapiot 
„$иё45 а? 1559 (ata ounces) 


© Uses 2 Panke. 
Kit — $39.95 


9368 3.95 
LONONIL 2500мш 
95H90 1 


MC3061P. 
MCADIS (74416) 7.50 


мс? B-35 
MC1408L8 9.95 


Modei 100A. Modet 10 


‚ ж 
tri um 
asas um 


su 
— Troubleshooting microprocessor 
address, instruction. and data low 
— Examine contents о! ROMS 
— Tracing operation of control logic 
— Checking counter and shitt 
register operation 
— Monitoring 1/0 sequences 
— VMenfying proper system operations 


Assembled — $49.95 
Heavy Duty Carry Case $5.95 


Stop Watch Chip Daly (7205) 


519.95 


3%2DIGIT DPM KIT 


ruction 


(Model 100A Manual - $4.95) 


PARATRONICS TRIGGER EXPANDER - Model 10 
Adds 16 additional bas. Provides digital delay and qualihication of input clock 


and 24-bd trigger word, — Connects direct (а Model 100A for Integrated unit). 


m 


3%-Digit Portable OMM 


© Oviricac Protected 
e Y foh LED Ору 
e Battery or AC operation 
* Ало Zeroing 
e ire Wa 0 1 ohm resolution 
e Overange teasing 
© 10 mag тра unpendence 
* DC Accuracy 1% Гурса 
anges: DC Voltage = D-1000V/ 
AC Votage 0.50000 
freq Resoouse $0-400 HZ 
0С/АС Current: 0-100enA 
fesstance 0-10 meg ohm 
Sie 68444 > 
Accessories: 
AC Adapter 80-28 $9.00 
Rechargeable 
kats opaning mataa — Batierias BP-26 20.00 
жей sie fuse Carrying Case 16-28 7.50 | me 110 VAC 


CONTINENTAL SPECIALTIES 


PROTO В Other CS Proto Boards 
dea P8100 - 4.5" х6" $ 19.95 
167 long X 4' wide) 
- 


. 6 LED Орау 
» Crystal-coatratled 
* Риу Automate 


tall-contained 
e Sge 178a? 
«563 


Model 2800 
$99.95 


Comes wan test 


PHIOT - 5.8" x 4,5" 29.95 
P8102 - 7^ x 4.5" 39.95 
P8103 -9" х 6” 59.95 
PB104 - 9.5" x 8" 79.95 
РВ203 + 9.75 x6 x2% 80.00 


PB203A - 9.75 x 69 x 2% 129.95 
(includes pow supply) 


$19.95 ва. [> 


txpenmentar 300 
Experimenta 600 


Spec Sharit - 25 — Send 35: Stamp for. 1978 Catalog 
Dealer lnformation Available 


me s 
ames 


1021-A HOWARD AVE., SAN CARLOS, CA. 
PHONE ORDERS WELCOME — (415) 592-8097 


$5.00 Minimum Order — U.S, Funds Onty 
Calllornia Residents — Add 6% Salas Тах 


Alt Agvertiond Prices Good Thru January 


during testing 


e Porlable — completely 


— 
XT > 245 23%. 


ACCESSORIES FOR МАХ 100: 
Mobila Charger Eliminator 
use power tram car battery 
Charger/Eliminator 


Modal 10 Kit — $229.00 
Made! 10 Ахет — $295.00 
Baseptate — 19 95 

Model 10 Manual — 


100 MHz 8-Digit Counter 


e 20 42-100 МН; Range 


e Four power 504645, ге 


battenes, 110 ат 2209 with e New Bipolar Unit 
теба crarge: 12V. with эшо 


lighter adapta? 422 external 2. Auto Zeroing 
^i ч: ы 2 
72-10) power supply e .5' LED 


MAX-100 $434.95] Model KB500 DPM Kit $49.00 
Model 3110-5C-5V Power Kit — $17.50 


БЕДИП CLOCK 


Er] 
1004. 
TE 


e Auto Polarity 
е Low Power 
e Single IC Unit 


» 


25 тоди” des! 


KIT ONLY Si 6.95 


HEXADECIMAL 
ENCODER 19-КЕҮ PAD 


e! 0 

e ABCOEF 

e Shift Key 

» 2 Optional Keys 


$10.95 each 
INSTRUMENT/CLOCK CASE 


Injection molded unit. Compie 
with fed bezel. 497 x 4* x 1-915 


Mode! 100 — ПА $3.95 
Model 100 — СА! $9.95 


PROTO CLIPS 


14 PIN $4.50 
16 PIN 4,75 
24 PIN 8 50 
40 PIN 13.75 
DESIGN MATES 
OM? - Circuit Designer 
$69.95 
DM? - Function Generator 
$74.85 
- RC Bridge 
$74.95 


118 VAC 


41 type 
ri 
DEL 
51-44 
отв 
01-355 
Q1 350 
01.965 
IURIS 

18 JE803 prose 

QT 3g 

Те LOGE Probe v, à м whith og Ant Dee тй part 
ждет бон ич trouble shooting myc lamir, 
Th OTL AM CMOS € gemeet ine дан a =ч. 
әсе to юте duectly off of Ни Ол under 
т hang a scant H) má mas h utes 2 MANO 
readout m «dicite wy Of Ihe рде АД hy 
these Symbols ІНІ TiLOW1-orPLSE, P The 
Probe ean creer mgh тесеу pubes to 45 MH? 
Сапе be wsrd at MOS Wat nr petu famage 

һи асый 


5995 
510 95 


1978 
CATALOG 
NOW 
AVAILABLE 


$9.95 Per Kit 


printed circuit board 


94970 


өзің We fr Wa та 
төзү ng vnune mone mean a 


abc $9.95 Per Kit 
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Video Board Features 
Dedicated Microcomputer 


This new video interface board, 
designed around the Mostek 3870 chip, 
illustrates how a dedicated microcom- 
puter can be used to reduce costs and 
implement additional! features not easily 
realized with conventional logic. Oper- 
ating under the control of the program 
in its built-in memory, the 3870 helps 
provide ASCII and Baudot serial inter- 
faces, multiple data rates up to 300 bps, 
full XY cursor control, screen clear, 
clear to end of line, page mode and 
autoscroll, Though ihe same size as an 
Altair (S-100) bus, the board uses only 
the power connections, and includes a 
rectifier and filter for stand alone use 
with a 6.3 VAC, 1 A transformer. 
Designated the SCT-100, the board is 
available from Vectron, POB 20887, 
Dallas TX 75220, (214) 350-5291, in 
three forms: an assembled and tested 
unit for $185, a complete kit for $155, 
and a printed circuit board, 3870, and 
character generator ROM for $85.8 


Circle 551 on inquiry cord, 


Video Output for Scope or Monitor 


The VDS2K video interface board 
includes all address decoding necessary 
for direct display of characters from 
memory, or for display of characters 
received one at a time from an IO port, 
with automatic cursor updating. Video 
output can be either in the form of a 
composite video signal, appropriate for 
a video monitor, or a set of "XYZ" 
TTL level signals appropriate for the 
horizontal, vertical and intensity inputs 
of many oscilloscopes. This Altair 
(5-100) bus interface displays 30 lines 
of 64 characters, and also has a 128 byte 
nondisplayable buffer memory. Upper 
case, lower case and Greek characters 
are provided in a 7 by 9 dot matrix. 
The VD52K kit is $399 from (OR, Box 
28823, Dallas TX 75228, 1214) 
358-2671]. 


Circle 553 on inquiry card. 
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PERIPHERALS 


A Synthesizer and Music Language 


LI 

The Solid State Music Synthesizer 
Board (SB-1) is a waveform synthesizer 
card designed to interface with the 
5-100 bus. With this card, a micro- 
computer may be programmed to play 
a monophonic solo In an instrumental 
“voice” that is controlled by software, 
Polyphonic capability is provided for in 
the MUX language for multiple cards, 
The music is wrilten by the user by 
means of high level language  inter- 
preter called MUX which is entered 
inta the system via an ASCII keyboard, 
paper tape, floppy or other input 
medium. 

The MUX language contains the 
operational routines and lookup tables 
to generate the follawing: 


а, the musical note 

b. the voicing envelope (attack and 
decay) 

c. loudness or volume commands 

d. octave selection (9 octave range] 

e. memory retention of two wave- 
forms 

f. waveforms selection (voicing 

change] 8 in memory 

repetition effects 

1/64th note through whole note 

dotted note, double dotted note 

time signature 

repeat measure 

key signature 


rrr 


ie (iis 


ben 
| dicus к ШАҚЫ 


Any 256 byte increment from 8000 
hexadecimal to FFOQ hexadecimal сап 
be used for this board by presetting a 
switch on the card. The kit costs $250, 
and an assembled and tested version 
is $350. Contact Solid State Music at 
2102A Walsh Ау, Santa Clara СА 95050, 
(408) 246-2707.8 


Circle 552 on Inquiry card. 


Wire Wrappable 
Prototyping Board 


` MEE ERE CCCTTTRNGTTUTU: 
NETTO Шыннан НИНИ, 


ОАЕ 
Кш ыкы 


"VEE EAN GIRO ита иШ Иди: LATEEF) AKE SLAE ЕШШ 
p-——À——4 ТШШ " 
Шіл HT: ШАА) CEN REET 


This Altair (5-100) bus prototyping 
board features an all wire wrappable 
format, a dedicated regulator and three 
additional etched TO-220 locations, pre- 
numbered integrated circuit locations, 
and provisions for filter capacitors and 
flat cable connectors for interfacing 
purposes. The board will accommodate 
all sizes of integrated circuits, from as 
many as 81 14 ог 16 pin sockets ta as 
many as 12 36 or 40 pin sockets. An 
instruction manual is included. The 
board is $39.95 from Orange Digital 
Electronics, POB 2311, Mission Viejo 
СА 92575,18 


Circle 554 on inquiry card. 


Fantastic Savings 
on Terminal Components 


We have obtained a fairly large supply of professional CRT video monitors, encased in attractive 
metal cabinets with a simulated mahogany finish. We do not know the bandwidth capabilities of these 
12” (diagonal) units; we have used them, however, to test our 24 x 80 video display board and have 
found them perfectly satisfactory. These units were manufactured by or for one of the largest data com- 
munications firms in the country. We are not allowed to use the name, and the nameplates had to be 
removed. Many of you have probably seen these units functioning. They are equipped with a standard 
video connector and have all the normal controls. They operate at 110 V, 60 cycles. 

Тһе units аге in reasonably good condition cosmetically, although nearly all of them have a defect 
in the plastic anti-glare screen in front of the CRT tube. This screen could be readily removed or 
replaced. 

We estimate that these units would sell new for between $150 and $200. We are offering them 
for sale in both functional and in non-functional condition. 


12CRT Used, operable* .... $ 5995 


12CRTNF Used, complete, 
known non-functioning..... $ 3995 


*Units have been tested but are sold as-is. They are not rep- 

resented as reconditioned units and may require minor 

repairs or adjustments. 

Add the following charges for handling-shipping-insurance: 
$2 50 Eastern Time Zone $3 Central $4 Mountain — $5 Pacific 


MiniMicroMart, Inc. also stocks a complete 


line of kits for building video display units. 
Write for information 


COMMERCIAL MODEMS — Limited : 
Supply — Acoustical coupler type and direct i е ы ai 
hard wire variety. Both operate at standard Bell z в 
Telephone frequencies, at up to 300 baud; they 
are Bell 103 compatible. They appear to be in 
new or equal-to-new condition. They are in- 
tended for communicating from a terminal to a 
time-share computer Standard RS232C type 
connectors are supplied. 


жа 


KEYBOARDS — Limited Supply 


MDACP {acoustical}... .. $ 59.95 Attractive соро аера Ewe kevboards: re 
; some in cases which match the monitor shown brand new, іп сәве........... $ 37. 
MDHW thard wire)... .... 44.95 above. They are not ASCII encoded but the KBU 37.95 
MDACP-NF tused, suspect coding could be changed in software with used, іп саве..,............. 27.95 
non-functional) .......... 39,95 гоме Бу терге the en уп ап өп KBUD used, in case, minor 
B coding 1.C. ey key switch modules are o cosmetic Чөїесї................ 
MOH NE thes, Suspect 24.95 Cherry manufacture with an excellent feel. А KBUNC 22.95 
КЕС Pg. ; schematic and limited modification information used, по саве............ 19.95 
Add $2 for handling-shipping-insurance. із supplied Add $2.50 for handling-shipping-insurance. 


Write for free 64-page catalog featuring hundreds of items for minicomputer systems. 


MiniMicroMart, Inc. 1618 James Street, Syracuse, N.Y. 13203 (315) 422-4467 


Circle 67 an inquiry card. BYTE January 1978 
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MASS STORAGE 


New Drive for Miniature Data Cartridges 


Utilizing the ЗМ GC100A miniature 
data cartridge, this new tape transport 
measures only 3 by 4 by 4.125 inches 
(7.6 by 10.2 by 10.5 cm) and costs 
as littie as $250 in single quantities, 
including “intimate” electronics, The 
Mode! 200 Minidrive can record up to 
772,000 bytes of data on а single 
cartridge, at a recording density of 
1600 bits per inch and a data rate of 
48,000 bits per second. The "intimate'' 
electronics include the moter drive 
and read head amplifiers, the write 
head driver, optical tachometer for 


tape speed control, track selection 
logic, solid state beginning and end 
of tape detectors, and file protect 
and cartridge in place detectors. A 
servo and data card, peripheral inter- 
face adapter card, control logic card, 
and card cage with printed circuit 
backplane can be added to form a 
complete controller and interface. 
The manufacturer supplies direct 
interfacing for the Intel 8080 ‘and 
Motorola 6800 microprocessors, as 
well as interfaces tailored to the 
151-11, Nova, Interdata and Altair 
computers. One controller can “daisy 
chain" up to four Minidrives, providing 
access Lo as much as 1.3 million bytes 
of storage with an average access time 
of 9 seconds. 

In single quantities, the 1 track low 
density (168,000 byte capacity) version 
of the Model 200 sells for $250, while 
the 2 track high density (772,000 byte 
capacity) version is priced al $350. 
A complete ] Lrack drive and controller 
costs about $485 in single quantities, 
Substantial quantity discounts are 
available to OEM buyers. The Model 
200 is made by the Quantex division 
of North Atlantic Industries Inc, 200 
Terminal Әт, Plainview NY 11803, 
(516) 681-8350.ш 


Circle 564 on mgury garg 
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Floppy Controller Includes 
Status Panel 


The EPA Micro-6&b floppy disk 
system now includes a disk status 
monitoring panel and write protect 
switches. Available in either single 
($2495) or dual ($3295) configurations, 
the Micro-68b disk includes the interface 
necessary lo plug into either the 6800 
exorciser or the Altair (5-100) bus. The 
stalus panel contains indicators for drive 
selection, write protection, CRC errar 
and disk status. Housed in a ruggedized, 
light blue aluminum cabinet to malch 
the Micro-68b computer, the unit is 
available from Electronic Product Asso- 
ciates Inc, 1157 Vega St, San Diego СА 
92110, (714) 276-8911.« 


Circle 587 on inquiry card. 
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At Last, a Solid State Disk 


40 times faster than the fastest 
electromechanical rolaling disk memory, 
the CCDISC contains a solid state charge 
coupled device memory with a capacity 
of up to 1 million bytes іп 128 K byte 
increments. Capacities up to tour mega- 
bytes can be achieved by daisy chaining 
these solid state "disks," Average access 
time is 250 ws, making the CCDISC 
ideal for paging, program swapping, 
timesharing апа distributed network 
applications. The unit is plug compatible 
with the rotating magnetic head-per- 
track disk memory interfaces made by 
the manufacturer, Alpha Data inc, 
20750 Marila St, Chatsworth CA 91311, 
{213} 882-6500. CCDISC memories 
are available cight weeks after receipt 
of order and cost $3195 in QOEM 
quantities. e 


Circle 566 on тшу eard- 


3M Cartridge Drive [nterface 


This Altair (S-100) bus compatible 
interface board controls up 1o eight 
Quantex Modei 600 3M cartridge tape 
drives. The board includes software in 
ROM to dump and load named files 
from anywhere in memory, search for 
a file name or list all files on a cartridge, 
rewind, unioad, erase, skip blocks, and 
other functions. Data is recorded with 
phase encoding using a cyclic redun- 
dancy character check for error 
detection and correction. The Quantex 
Model 600 drive uses the DC-300A 
tape cartridge, containing 300 feet of 
М Inch tape. Data is recorded at 48,000 
bits per second, 1600 bits per inch 
Serlally on 1, 2 or 4 tracks. With proper 
formatting more than 2 million bytes 
can be stered on a cartridge. The AQ-86 
interface board is priced at $425, and a 
single Quantex Model 600 cartridge drive 
at $825, from Galt Electronics, 9924 
Lanham Severn Rd, Seabrook MD 
20801, (301) 459-1496.» 


Circle 568 on inquiry card. 


Attention [BM 5100 Users: An 
Intelligent Floppy Disk 


This floppy disk slorage system 
Includes its own microprocessor and 
plugs directly into Ihe ІВМ 5100 serial 
IO port, requiring no changes lo Lhe 
5100 hardware or software. The Comm- 
Stor/5100 has 115 own lile management 
system controlled by simple commands 
and is compatible with beth BASIC 
and APL (files created under BASIC 
can be read under APL and vice versa). 
The floppy disk Гогтаї is compatible 
with the IBM 3740. The system comes 
with a 5100 tape cartridge containing 
ten BASIC key files and 14 APL fune- 
tions. A single drive system is priced 
under $3000, and à dual drive system 
under $4000, from Sykes Datatronics 
Inc, 375 Orchard St, Rochester NY 
14606, (716) 458-8000,и 


Circle 569 оп inquiry card, 


stacks up 
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Now low-cost memory 


in reliability! 


Introducing a new generation of ECONORAM dynamics 
with SynchroFresh reliability 


Meet ECONORAM* Ill with SynchroFresh'M the 
8Kx8 dynamic memory for S-100 bus computers that 
really works. And uses less than half the power 
of static designs. And costs just $149 for an 
assembled 8K. 


' Unlike previous attempts at building a low-cost dy- 
namic memory, ECONORAM® |11 is entirely reliable .. 
because of SynchroFresh™ anew approach to memory 
refresh that is simple, elegant and totally effective. 


SynchroFresh'" was invented by George Morrow, de- 
signer of the original ECONORAM*. Instead of ar- 
bitrarily interrupting your CPU to perform memory 
refresh cycles, Morrow designed SynchroFresh™ to 
weave refresh invisibly into the natural timing of the 


- $-100 bus. SynchroFresh™ circuitry simply monitors 


your computer's machine states, utilizing all of the 
normal opportunities for memory refresh. It's 
that simple. 


And simplicity means reliability and dramatically 
lower cost. That's why a SynchroFresh™ design was 
chosen for the first ECONORAM* dynamic, to follow in 
the footsteps of the largest-selling static memories 
for personal computers. 


ECONORAM* II! with SynchroFresh™ is an 8Kx8 dy- 
namic board, configured as two individually address- 
able АК blocks for flexibility. It is available assembled, 
tested and warranteed for one full year for just $149. 
This unprecedented warrantee offers a full refund of 
purchase price if EQONORAM* 111 does not run 
reliably with your S-100 CPU—evidence of our con- 
fidence in its performance. 

It is also available as a kit with complete assembly 
instructions and documentation for $159 А 

ECONORAM*" ПІ with SynchroFresh™ in assembled 
ог kit form, may be ordered directly from Thinker- 
Toys™ Write 1201 10th Street, Berkeley CA 94710 
or call (415) 527-7548. Call BAC/MC orders toll-free 
to 800-648-5311. Or ask your computer store to order 
it for you. 


NEW LOW PRICE 


|^. $149 


8K assembled, tested, warranteed 
1 year 


A product of Morrow's Micro-Stuff for 


Thinker Toys: 


*ECONORAM is a trademark ot Godbout Electronics. 


à 


Circle 68 on inquiry card. 
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FOR SALE: Dura 841 data terminal, includes ІВМ 
Selectric typewriter with BCD coding, paper tape 
punch and reader. Unit is in good working order 
except for punch which has an electrical problem. 
For sale as is at 5300, prints and instructions in- 
eluded. Freight collect. Wihl make an ideal hard 
сору printer even without the punch, and where 
else can you get a Selectric 1ypewrlier Гог S300? 
Write Jim Parsly, Apt 305, 401 W Johnson St, 
Philadelphia РА 19144. 


FOR SALE: completely assembled and tested 
Solid Stare Music 18 К true sialic memory board; 
fast, 200 ns; low power, .55 А @ + 8 Vi fully 
buffered with memory protect in 4 K blocks and 
automatic unprotect on power up. S500 or best 
offer. Tim Wedlake, POB 3074, San Leandro 
CA 94578. 


FOR SALE: One MITS serial IO board, Morrow's 
casselle Interface board with all options. Will 
accept best offer for each or both, Victor Chinn, 
1618 Мића, Berkeley СА 94709. 


WILL TRADE: A working SC/MP {kit buit) and 
working keyboard es sold by NS far $200 for a 
good frequency counter, Also for sale: A 8223 
PROM programmer, complete except for 12 МОС, 
300 mA furnished by user, price: $20, James 
Upchurch, 3407 Dauphine Dr, Sebring FL 33870. 


WANTED: Qume or Diablo 10 printer to run with 
a Cromemeo 2-80 system. Also, does anyone have 
any information on how to interface an old Friden 
Fiexowriter SPD to a microsystem? | William 
Brady, 156 Orakes Ln, Summertown TN 38483. 


FOR SALE: Altalr 680B assembled and tested, 
also high speed paper tape reader and high speed 
paper tape punch. The whole works far $450, 
Dave Woodhouse, 172 Hickory Creek Dr, Frank- 
fort 11. 60423. Alter 7 PM call |815) 459-9316, 


FOR SALE: IMSAI 8080 microcomputer, 22 slot 
mother board, 8 K programmable memary, MIO 
board (serial, parallel and cassette interlace board), 
professionally assembled and tested in excellent 
condition, Complete with input and culpul cables 
and all manuals, Call 1215) 643-2467 after 5 PM. 
William Schmidt, 1426 Jonathan Way, Ambler 
PA 19002. 


FOR SALE; OS! 400 System with; 400 CPU 
board, 440 video graphics board, 430 cassette (О 
board, 14 K RAM, keyboard, power supply, cases, 
and extras. Fuliy socketed., $750 or offer. В Fabry, 
Al 2, Box 22A, Morgantown WV 25505. (304) 
296-2485. 


Readers who have equipment, softwere or other 
items to buy, sal! or swap should send in a clearly 
typed notice to that affect, To be considered for 
publication, an advertisement should be clearly 
noncommercial, (урай double spaced on plain 
white paper, and include complete name and 
address information, These notices are frea of 
charge and will be printed one rima only on a space 
available basis. insertions should be limited to 100 
words or fess, Notices сап be accepted from 
individuals or bona fide computer users clubs only, 
We can engage in no correspondance on these and 
your confirmation of placement is appearance {п 
an issue of BYTE. 

Please note that jt may take three or four 
months for an ad to appear in the magazine. 
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Glassified Ads 


FOR SALE. Unfinished compuier project worth 
much more than 9800 ol НМ 8080, 4 K pro- 
grammabla memory, TV terminal, Philips cassette 
60 tape deck, edge conneciors, TTL, CMOS and 
Intel ICs, designing and specification books, capa- 
citors, kayboard, more. Goes for $550 or best 
offer, T P Douglas, РОВ 1012-V, La Junta CO 
81050. [3031 384-8594. 


BACK ISSUES WANTED: BYTE numbers 7 thru 
10 (March thru Jung 1976), Prefer undamaged 
originals, but will accept Xerox or microfiche 
copies with publisher's permission, Send your 
asking price and description te Сагі S Zimmerman, 
РОВ 53, APO NY 09378. 


FOR SALE; National's Novus 4520 Scientist: 
RPN 4 level stack, power and root functions, all 
trig functions, all log functions, etc, Operations 
Guide, AC charger, carrying case, S20. Edwin A 
Zaratkiewicz, 3708 Hampton Way, Kant WA 
98031. 


JOB WANTED: | am looking for interesting and 
challenging work in the computer field, | have 
worked with computers for ovar six years, know 
most commun assembler and compilar languages, 
and will be graduating from the University of 
Pennsylvania in May with a degree in computer 
engineering, [f you are trying to find a person to 
handle a tough but interesting job, please write to 
me for my complete resume, Steva Masticola, 
POB 951, 3801 Locust Walk, Philadelphia PA 
19174, All offers carefully considered. 


FOR SALE: Miniterm MERLIN graphics display 
board, 5-100, new, assembled, 5269. Mark Cahmke, 
1383 Bth St, David City NB 68632. 1402) 
367-4367 after В PM. 


FOR SALE: 6800 system with processor board, 
20 K programmable memory, video interface, and 
four serial ACIA ports for KC standard, AS232, 
TTY. Опе В bit parallel port. 1.25 Қ EPROM with 
debugger, assembler, editor, load and dump. Man- 
unis, schematics, software. Factory assembled. 
$1250. David  Demorest, 12697 Graton Rd, 
Sebastopol CA 95472. (707) 823-1698. 


FOR SALE: Digital Equipment Corporation 
DKBEP programmable real time clocks S395. 
Other PDPBa modules for sale or trade, Free list. 
Want 8 К core or any other DEC peripherals or 
components. Қ20СҮ, 11 Squire Hill. Ad, North 
Caldwell NJ 07006. 


FOR SALE: Altaie 8В0Оа, В K dynamic memory, 
cassette interface card, all mother boards, edge 
connectors, and card guides, Unit is completely 
functional, all cards аг! standard MITS items. 
А bargain а! $750. Bill Shappley, 6395 Forest Grv, 
Memphis TN 38138. (9011 682-1897 after 7 РМ. 


FOR SALE: issues 1, 2, 3 and 4 of BYTE, perfect 
condition, to Ihe highest bidder. Also June 1976 to 
May 1977 inclusive of BYTE. Snecily your bid and 
the issues you desire, Doug Diardorl, 103 N Park De, 
Wilmington DE 19809. 


WANTED: Ап inexpensive secondhand Dec- 
Writer 11 for use on a time sharing system, Any 
condition except broken is acceptable. I'm willing 
to pay up to $1,100. Send all offers to Scott 
Johnson, 18 Coraway На, Setauket NY 11733. 


TTY DONATION? Elementary school needs re- 
mote terminal for kindergarten through sixth grade 
computer math course, Any donation in working 
(ог fixable) shape will be appreciated hy Maria 
Hastings Public School, Lexington MA 02173. 
Call collect to Richard Е Zapolin, 1617) 271-2534. 


FOR SALE. Altair 8800 with one 4 K static ram 
implemented, and one 1 K static ram board loose, 
$400; | pay postage. James Jones, 220 N Німб 
#17, Gunnison CO 81230. 


FOR SALE: BYTE Issues 2 thru 9 (October 75 
thru May 761, fine condition. Best offer. Mel 
Raab, Rm 4731 Boelter Hall, UCLA, Los Angeles 
СА 90024. 


FOR SALE: Godbout 8 K EconcROM, populated 
with 4 Қ of 5204 PROMS now containing Editar? 
Assembler/Monitor, a steal at $200 (current cost 
$265). ОАЕ paper tape reader Fully assembled and 
operational, $60. Call Mitchell {after 3:00 РМ, 
weekdays] at (617) 963-5578. 


FOR SALE: ASCIISCOPE 12 hy 80 CRT with 
built in acoustic coupler S550 with documenta- 
tien, SS Music MB3 with 4 К 17024 $115, 
MITS 4 K dynamic 5100, Processor Technology 
VOM $155, 3 Р+5 $115, ОАЕ Tape Reader $60, 
IMSAI 4 K Static $100. АП assembled fully sock- 
eted and factory checked out. K R Roberts, 10560 
Main St, Suite 515, Fairfax УА 22030. 


FOR SALE: Cromemco Cyclops TV camera with 
sophisticated controller interface to S-100 bus, 
assembled $300, save 50%. G Lyons, 280 Hen- 
derson, Jersey City NJ 07302. 1201) 451-2905. 


FOR SALE: Five А K 5-100 static memory boards. 
Factory assembled and still on warranty, ong never 
out of box. | am switching to 16 K boards, $100 
each, No personal checks or cash please. АМ 
Marshall, 408 Oakwood, Angola IN 45703. 


SELL OR SWAP: Im cleaning out Teletype 
Models 33 and 38, converted Selectric JO type 
writer, Tetewriter portable terminal (SCM electric 
partable adapted as 88232 101, all in 1ор condi- 
tion, also. 10 years of OST and American Journal 
of Physics (teacher's) magazines, foreign language 
learning tapes, telephone and radio equipment. 
Send SASE for list with pictures and specifications. 
М Boltzmann, РОВ 2525, Plainfield NJ 07060. 


FOR SALE: Make offer for complete set of 
BYTEs, September 1975 thru July 1977, all issues 
in like new conditian; package deat only, C Reece, 
4924 Brandenburg, РОВ 80712, Lewisville TX 
75056. 1214] 370-0373. 


FOR SALE: Altair 88004 with IMSAl 28А 
power supply installed in original cabinet, Comes 
with serial 10 board, four 4 slot expander boards, 
12 edge connectors, fan, 4 К and 8K BASIC, 
assembly language package, and many games. 
With 12 K memory, $1100 or 32 К memory and 
Tarbell cassette interface, $2000. Everything care- 
fully assembled and working perfectly. Michael 
Favitta, 4 Sherwood Forest Rd, Albany МҮ 
12203, (518) 456.8717. 


4K MEMORY BOARDS. Solid State Music 
(MB-2) assembled, socketed, tested, with fuli 
spaed 2102s, Two available, $75 each. TTY paper 
tape. 1 inch wide, B inch diameter roll, lightly 
oiled buff, Perfect for ASA-33. $10 per 28 roll case 
+ UPS on 48 Ibs, Dan S Parker, 1007 3rd St #3, 
Davis СА 85616. (9161 758-2341 after 6:00 РМ. 
Orders shipped within 24 hours. 


FOR SALE: Data modems. One new, acoustically 
coupled, never used, cost $270. Sacrifice ат $195. 
One used, tested, and in perfect working order. 
$75. Cali evenings. C Lopez (714) 272-4381. 


WANTED: First seven BYTEs. Wil! consider 
additional issues in order to get first seven. Good 
copies acceptable also. Send quotes to: Joseph 
Heck, 101 Wachusetts St, Jamaica Plain МА 02130. 


FOR SALE: Texas Instruments Silent 700 Ter- 
minal, Model KSA733 with modem cable, main- 
tenance manual {worth $25) and four rolls of 
paper, Original price $2000. Will sell for 5900 or 
best offer, Terry Нідрев, 5071 Scott Cir, LaPalma 
СА 90623. (714) 523-2548. 


FOR SALE: HP 9830A programmable calculator 
with memory option 275, 9866A line printer, 
Data Comm interface, and the following ROMs: 
String Vartables, Advanced Prog Il, Data Comm I 
and Data Comm ІП. Perry B Fink, 82 S Deere 
Park Dr, Highland Park IL 60035. 1312) 432-2998. 


Р.О. BOX 28810 DALLAS, TEXAS 75220 


B ORDER BY PHONE CALL TOLL FREE 1—800—527-3460 


S.D. SALES NEW 
EXPANDO RAM KIT BK FOR $151.00 EXPANDABLE EPROM BOARD 
ЖАД ae САГАН i 16K or 32K EPROM $49.95 w/out EPROM 
32K FOR $475.00 ма Ша Tow power Allows you to use either 270875 for 16K of 
MEMORY CAPACITY 4 ау бео Eprom or 2716's for 32K of Eprom. 
MEMORY ADDRESSING омы ы DG KIT FEATURES: 


MEMORY WRITE 
4 + 18VDC 400M A DC ^ 

po Eu OM тый р TIBVDÓ30MA DC 1. All address lines & data lines buffered. 
BK, 16K, 24K, IZK using Mos ulation ўз provid- 
лез an protection. Ова ad. On board ағышы) refresh 2. Quality plated through P.C. Board, in- 
DIP switches. PC board comes - is provided with no wall states cluding solder mask and silk screen. 
with sockets for 32K operation. or cycle stealing required. ; 
Orders now being accepted. MEMORY ACCESS TIME 3. Selectable wait states. 


ARR БВ мата tor delivery: Memory Grain Tine is 50066 4. On board regulation provided. 
Buy ал $100 compatible BK Aam Board and upgrade the same board te а ERN ë! 5. АП sockets provided wiboard, 
32K in st f BK at tion by merely purchasing more ram ch rom 5.0. 
Sales! Al a guaranteed price — Look al the features we have built into Ihe board. WE CAN SUPPLY 450ns 2708's AT $11.95 


PRICES STARTAT ISI арал RAM KIT ыы wcities WHEN PURCHASED WITH BOARD. 


Z-80 CPU BOARD KIT — $139. | 8K LOW POWER RAM — $159.95 4K LOW POWER RAM KIT 


CHECK THE ADVANCED FEATURES OF OUR Z—80 Fully assembled and tested. 
CPU BOARD: Expanded set of 158 instructions, BOBOA Not a kit, Imsa} — Altair — 
sofiware capability. operation from ә single SVOC power 5-100 Buss compaliblo, uses 
supply; awaya mops n an n pez run ae seperated low power Static 21L02-500ns 
on card (a real pius feature!), dynamic refresh әлі чну buffered on board regulai- . 
available, either 2MHZ or 4MHZ operation, quality double ей, quality piated throught РС piod rouen ГС роаг. Add $10. for 
sided plated through PC board; parts plus sockets priced board, including solder mask. В par ` 


h Il IC's. "Add $10 extra for Z—80A chi hich all . di witches for add 
AMAZ оре aiian. 01280 chip with Manual — $39.95 Select. a ee The Whole Works - $79.95 


MUSICAL HORN Jumbo LED Car Clock Kit DIGITAL LED READOUT 
One lune supplied with each kit. Additional tunes — $6.95 | FEATURES: «i THERMOMETER — $29.95 


each. Special lunes available. Standard tunes now available: — A. Bowmar Jumbo .5 Inch LED array. 
Dine — Eyes of Texas — On Wisconsin — Yankee Doodle В. MOSTEK — 50250 — Super clock chip. 
Dandy — Notre Dame — Pink Panther — Aggie War Song — С. On board precision crystal lime bese. 
Anchors Away — Never on ery - Mug lose “дез = D. 12 or 24 hour Real Time format. 
Deep in the Heart of Texas — mer ner — Bridge over E. Pertact for cars, boals, vans, alc. " 
River Kwai Е. PC board and ай parts iles» cass) inc. he See carl chat Ac es end 
CAR & BOAT KIT HOME KIT Special Design | Alarm optlon — 51.50 and power supply included 0-149° F 
$34.95 $26.90 Case $3.50 AC XFMR — $1.50 


5 Digit Countdown Utility s 6 Digit General Purpose or 
6 DIGIT ALARM CLOCK KIT | Darkroom Timer Kit мән Computer Timer Kit — $29.95 


ы T Features: а LED 1/2" displays 

Features: Litronix dual 1/2" displays, Mostek oper. d targa Sec. "do Boe Features: Large LED 1/2" displays, Mostek 
50250 super clock chip, single І.С. segment 59.99 soc. 5A-115V. Relay Included іо ; 50397 counter display’ driver, counts up to 
driver, SCR digit drivers. Kil includes all ne- control rei ai Onorates on ney т minas, dea with crystal con- 
сазе . . Displays can игл off tor to trolled 1/100 second accuracy, operates on 
Eliminat d ч кетері Ье орцола) darkness white counting. All necessary 115V AC оғ 12V DC supply. All necessary 
minate the T parts Included, parts included. Special design-sese $3.75. 

AC ХЕМН — $1.50 Case $3.50 Special design case $3.75. Бы 


Bowmar 4 Digit LED Readout Array NEW COMPETITION CHESS TIME KIT 
Full 1⁄2” Litronix Jumbo Dual WITH TWO INDEPENDENT FIVE DIGIT Low,Cost „лыр ad Lt 


Digit LED Displays 1/2” LED DISPLAYS Interface Kit IM ML 


4 JUMBO .50'' DIGITS ON ONE STICK! The limers can be used In- $1 4.95 
WITH COLONS & AM/PM INDICATOR dependenily or coupled. 
Features: K.C. standard 2400/1200 Hz, 300 Baud, TTL, 1/0 


$3.95 The timer can be sel to 59 
DL 722 - C.C. DL 728 - C.C. minules 609 меси AG. $79.95 compatible, phase lock loop, 22 ріп connecior. Feeds serial data 
мати microprocessors HO poris and trom cassette tape recorder. 
FLAT PACK | TRIMMER POTS 


intervals. Kit inctudes all 
MICROPROCESSOR 
RAM’S THEAmistons | TANTALUMGAPS | (СААТ, ЕСИНЕ дады аталнызтов | кк, ж. 25K CHIPS 


5. О. SALES 99 а ЖИЕ e-—— 1 =т= QM 


Fully Виһегед — on board regulated — 
reduced power consumption ulillzing 
low power 21L02 — 1 500ns RAMS — 
Sockets provided for all IC's. Quality 


Features. Litronix dual 1/2” displays 
Uses Silicoaix LD131 single chip CMOS 


DL 7218 C.A DL 727 - C.A. " " А 
on jecessary parts and an at 
99c $1.29 tractive woodgrain case. Complete Kit 
LAT PACK 5400 - 
MEPCO — NEW! - | SERIES SPECIAL Tür TYPE С QUM Mini Tor fe Fd rm 
21102 - 50045. e 4 1.SK OHM І SUY FROM ІТТ YOUR CHOICE ami WiSpeca. board 8218 — Non Invert Bus . 


i YOUR CHOICE 
5781.00 20 Assorted ы T2$1 ий 10/81. 8224 — Clock Gen 
Devices 8226 — invert Bus 


1 * PIO tor Z—80 ` 
"48. CTC tor 2—80 5 
MLB BK ` 1: 8228 Sys Controller , 
j E UT ішек ГЕЙ Prog. comm. Шеке 
асе 
DISC CAPS STANDARD COILE AUTO COIL NEW CAMBION RECTIFIER 8820 222 rod fee eg 
rOn ayere - ТВАНҒ- JACKS Spectat 8830 Dual Line Dr 
0) MFO — 100 Ideal lor the axpae PART в 450-4352 384007 1 АМР 2513 Char Gen 
WVDC PC ipads. 10% Your chaca бо! Plated 1000 РІМ 8838 Quad Bus. Recvr 
Z—80 includes manual 38. 40181. mm EL 50и PRIME UNITS uad Bus; o 
2—H0A includes manual .34. 10/51. 74LS138N — 1/B decoder 
БОБА CPUS BIT { Қ BT97-Hex Tri-State Buller, 
8004 CPUS BIT K * * + " 1488/1489 A5232 . 
ТА 16028 Uart . 


юм >Ш Ор ш р. 


BERSSESJERSSSERRSE 


ш. 


Photocall Aust. 
Wo bought almost PLASTIC READ- RESISTOR 


OU пот a big US | OLIT FILTERS Epeciali DISC CAP ASST. | e.c. LEAD DIODES 
PR 0 М5 mig Throw product Originaity used In ТТІ ASSORTMENT | 22 Ohm 1 Watt PO leads. Al least КҮРТ 


famities © апе | Carbon Comp. 169. : 
1704А-1К-15из. ... .3950r10/35. | enum am dual | КГТК | Fire coe Fas. | 10 tereni унив: О —i0/s200 2-80 PROGRAMMING 


2708- 8K intel -450ns 2. 14.95 өніп Регіесі | 1943- Perlect tor use Tot to maka low ohm- 5 34002. 1A 
5204 - 4K : н for at light sengi- ie PED nd aber юн aga powes realstare, al - ЮРУ MANUAL 
five applications. «0181.00 


825129 — K.. . .. ween 
tees 2351, аша” QM ш u nem ja IN DEPTH DETAIL OF 
MICRO-DIP $1.95 JOY STICKS THE 2-80 CPU 


%. 
MK50397 6 Digit elapsed timer { MICATTRIMMER Naw — Series 2300 FOUR 100 K-OHMS STANDARD MICRO-COMPUTER 
MK50250 Alarmciock . The World's Smafiesi POTS P 4 ANT. TER. 
MK30380 Alarm chip 295 : Coded BCD Dual-In-Line - 
MKS0396 6 digi upidown counter E Е : Switch! PC Mount Ideat for ei 1 S.D. Sales Special 
МКО а анн countar ico BE 2300 026 BCD 1-2-4-8 electronic 2. $9.95 
ese CaL Chip Bd POOR ccc 2300 126 BCD 1-2-4-8 l 


Compliment games 


*Choose $1. Free Merchandise From Asterisk [tems on each $15 order! 
NO COD's TEXAS RESIDENTS ABO 


CALL IN YOUR BANKAMER- Texas Residents Call Collect: 
ICARD (VISA) on Masten 214/271—0022 Cerms - 60 Day AE АВО ох ОР ae 
CONTINENTAL TOLL FREE 1--800--527--3460 Money Back Guarantee! vinsroncign ORDERS =U. S. 


WATTS LIN DEALER INQUIRIES INVITED! FUNDS ONLY! 
Circle 95 on inquiry card. BYTE January 1978 191 


Reader Service 


Inquiry No. 


mma Gum bw — 


BYTES Cagoing Monitor Вох 


Pags No. 


Algonquin College Book Store 130 
Alpha Digital 130 

Anderson Jacabson 77 

Apple Computer 8, 9, 10 
Atwood Enterprises 171 
Beckian Enterprises 171 
Benson & Costello 129 

BITS 115, 117, 119, 147 

Byte Shop East 136 

Byte Shop, Tustin 134 

C & K Components 36 
California Applied Technoloay 167 
Cambridge Thermionic 143 
Canada Systems 133 
Carterphone 93 

Celetron 140 

Central Data 73 

СМС Marketing 55 
Component Sales 124 
Computalker 141 

Computer Corner 157 
Computer Depot 157 
Computer Depot Distributing 167 
Computer Enterprises 160 
Computer Hardware Store 167 
Computer Machine Service 167 
Computer Mart of NH 167 
Computer Room, San Jose 134 
Computer Systems 157 
Computer Systems Store 167 
Cromemca 1, 2 

Databyte 165 

Data General 13 

Digital Group 69 

Digital Research Corp 175 
Digital Service & Design 167 
Disc 3 157 

Durango Systems 167 
Dynabyte 29 

Electrolabs 173 


On BOMB Card, 


Inquiry No. 


To get further information on the products advertised in BYTE, Fill out the reader 
service card with your name and address. Then circie the арпғаргіше numbers for the 
advertisers you select from this list. Add at3cent stump to the card, then drop itin the 
mail. Not only do you gain information, but aur advertisers are encouraged to use te 
marketplace provided by BY TL. This helps us bring you a bigger BYTE. 


Page No. 


Electronic Cantrol Technology 138 
Electronic Systems 169 
Electronic Warehouse 176 
Extensys 19 

Charles Floto 157 

Forethought Products 139 
Gallagher Research Inc (GRI) 142 
Godbout 177 

Heath CIV, 34 

Heuristics 87 

IEEE Computer Society 132 
IMSAI 31 

Integrated Circuits Unlimited 179 
Jade 181 

James Electronics CIII, 183, 185 
Lear Siegler 59 

Leland Shepard 21 

Logical Services 120 

Meca 82 

Meshna 166 

Microbusiness 78 127 
Microcomputer Origin Store 167 
Microdesign 135 

Micronics 140 

Microware 121 

Midwest Scientific 107 

Mikos 178 

Mini Micro Mart 187 

Morrow's Micro Stuff 189 
Mountain Hardware 106 

mpi 133 

MSD 97 

Mullen Computer Boards 159 
National Multiplex 113 

Netronics 121 

Newman Computer Exchange 159 
Nittany Digital Devices 157 
Norcom Services 157 

North Star Computer 7, 15 

Ohio Scientific 40, 41, 42, 43 


Inquiry No. Page Mo. 


79 OK Machine & Too! 63 
80 Oliver Audio Engineering 51 
81 Osborne & Associates 101 
82 PAIA 138 
83 Parasitic Engineering 78, 79 
84 Paratronics 125 
85 Par Metal Products 157 
86 People's Computer Со 65, 99 
87 Peripheral Vision 75 
* PolyMorphic Systems 83 
89 Processor Technology 24, 25, 26 
90 Quantronics 17 
92 Rotundra Cybernetics 157 
93 $-100 143 
94 Scelbi 91 
Scientific Research 47, 95 
95 SD Sales 191 
96 Seals 45 
97 Seattle Computer Products 136 
98 Small Computer Systems 135 
99 Smoke Signal Broadcasting 71 
100 Software Records 139 
101 Solid State Music 49 
102 Southwest Technical Products Cll 
103 Speech Technology 137 
104 Synchro Sound 103 
105 Tarbell Electronics 5 
106 Tech Mart 111 
107 Technical Design Labs 23 
108 Technical Systems Consultant 89 
17 TEISS 
109 TLF 53 
110 Urban Instruments 173 
111 Van Nostrand Reinhold 131 
112 Vector Graphic 105 
* Vista Computer 56, 57 
113 West Coast Computer Faire 153, 155 
114 Worldwide Electronics 141 
116 Xitex {formerly Vectron] 137 
115 Xybek 142 


*Reader Service inquiries not solicited. Correspond directly with company. 


BOMB Analysis for the October 1977 Issue 


First place (and a $100 bonus) went to 
David A Higgins’ article on "Structured 


Article No. ARTICLE PAGE Program Design" using Warnier-Orr. dia- 

grams, page [46. His article had a rank of 
1 Kent: The Brains of Men and Machines: Part 1 11 1.37 standard deviations above the mean 
2 Hughes: The IRS and the Computer Entrepreneur 27 of 13 articles. Second place and a $50 
3 Ciarcia: Add More Zing to the Cocktail 37 bonus went to David Krusglinski's “How 
4 Allen: A Floppy Disk Interface 58 to Implement Space War," page 86. His 
5 Jessop: The Motorola 6800 Instruction Set 84 article ranked 1.26 standard deviations 
6 Bumpous: A User's Reaction to the SOL-10 Computar 86 above the mean. The standard deviation 
7 Banks: The Waterloo RF Modulator 94 in October's analysis was 24% of the mean, 
8 Jennings: The Second World Computer Chess Championships 108 indicating a relatively wide spread of evalu- 
9 Higgins: Structured Programming with Warnier-Orr Diagrams: Part 2 122 ations. Be sure to indicate your reactions 
10 Smith: Simulation of Motion: Part 3 144 to this month’s issue by rating cach article 
11 Ledder: A Novice's Eye on Computer Arithmetic 150 on the BOMB evaluation card and for- 
12 Bryant: Mounting a Paper Tape Reader 161 warding it to our office. The BOMB card 
13 Libes: Notes on Bringing up a Microcomputer 162 is your direct line to the editors’ desks.m 
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ШЕ 
im-pak 


electronic componen 


QUALITY PRODUCTS 


INEAR RESISTORS WITCHES 
мад зи SP514va d — SPOT pun tinton 
1М555У SPST 813 de SPOT puth tastten 
LMSS6N POT ora ол SPST onh tution 
LMSSTV. тот” 5657 ow bnon 
км220к 517905! 137230 SPDT on nane an SPST uh button 
LMI20T 557905) LMIJ9N һо” ОРОТ меде 
191201120912) LIE 0601 олон оп DPDT on noon 
19201 170163 (7478 toger sengr 
LMJIIN Lelasevisssev) 
LM3ADT 517805! LMISSEV 
км3401 1217812) LMJUOONICA240! | 


One-Stop 
Component Center 


CAPACITORS 
Aluminum Electrolytic 


imi 50у 

4 тіп 500 
Мечта SOY 
22тід 50% 
atria 50у 


14125 ыды 
14154 
14157 (OMS DFG! 


TA1M ("мев 
241 TF (OMB2B11 


bd MICROPROCESSOR 


74357 DMGT) 
16 m^ low prole 24 фит vore wrap 
Low Power TTL Schottky M pon tow prote 4р pin were умар 
жалай 40 pn tow prota ТО-3 Sockes 
нұр Males ың TO 5 Socks? 
41504 "em 
34,504 Ceramic Disc 
ТЕЗІ; ы B den 
тіге AY 5 1003 Oc! 50v OOlenta SOV 
Теч 25132140 Apr Sov 004 Tied SOV 
ML? 100m! 50у Qa SOV 
"4: $7 22001 мм 0272mia SOV 
нын DIODES ба?ема SOV 


УЗОы Sov 
DIETO анна! atap 50у Tents SOV 
ік4004 


14007 СОММЕСТОЯ5 
MDA 890-3 Dipped Tantalum DR 25P ғыз 08255 Societ 


Piet ту 
1 утна 25v 
айта 25V 
Є вт 28v 
Қане 26V 


100m ter 50У 
22010 50У 
470mid 60У 
1000mtu 250 
2200mid 16v 


SOCKETS 


Bam tow protie 18 qu^ vete man 
М тыл low prolis 16 pm wee wen 


Display LEDS Discrete 
t» am mata GOD cum ыла 
200 сет ano 600600 cathode 
300 трет салим 200LED Limp red 


mr 
TRANSISTORS end Hv 
сой! Imin 35у 
3822224 47mia 15v 
28293074 Баты 35V 
Wat 2955 жена 35У 

QUE WSS 4 енім 35 


БАТА BOOKS* 
1500) TALS Dota Вось 
CMOS. Loto Паш Болуы 
Мете (LED Date Bua 
721M PAK Prodotti only 


fümfd 25V 
33esa 25v 


A component product line developed for the independent dealer. Guaranteed, nationally advertised products. Complete 
JIM-PAK program includes national advertising, direct mail programs, store display racks, stock rotation plan and return 
policy. For dealer information, write or call JIM-PAK, 1021 Howard Avenue, San Carlos, CA 94070 (415) 592-8097. 


Le $$$ 92$ 99 $4 $9 9 9 $ $ 9 9 ооо ооо S $$ 9$ OO OO S S Tí 


DEALER TODAY... 


OKLAHOMA 
Guymon 
Oklahoma City 

OREGON 
Beaverton 
Coos Bay 
Ontario 

PENNSYLVANIA 


SEE YOUR LOCAL Jisesk 


LOUISIANA 
Baton Rouge 

MARYLAND 
Baltimore 
Baltimore 
Rockville 
Tawson 

MASSACHUSETTS 


ALABAMA 
Mobile Lafayette Нато Electronics 
CALIFORNIA 
Berkeley Al Lasher Electronics 
Monterey Zack 
Palo Alta Zack Electrames 
Pasadena Dow Radia Inc 
Sacramento The Radio Place 


Sound Seruce 
Bits, Bytes & Micros 


Davis Electronics Supply 


Computer Workshop of Baltimore 
Everything Electronics 

Computer Workshop 

Computers, E tc. 


Altair Computer Center 
Merrick Electronix 
Miller Eiectranics 


Sacramento 

San Carios 

San Francisco 

San Jose 

Vallejo 

Walnut Creek 
CANADA 

Alberta (Calgary! 
CONNECTICUT 

Srictgepart 
FLORIDA 

Orlando 

Tampa 

Tampa 
FRANCE 

Paris 
GEORGIA 

Atlanta 
HAWAIT 

Awa 

Honolulu 
IDAHO 

idaho Falls 
ILLINOIS 

Evanston 

Groveland 

Mount Prospect 

Oak Park 
INDIANA 

East Chicago 

Hammond 


Circle 55 on inquiry card. 


Zackit 

J&H Qutlet Store 
Zack Electronics 
Sunnyvale Electronics 
Zackit 


Byte Shop Computer Store 


The Computer Shop 
Computer World 


Altair Computer Center of Orlando 


AMF Electronics 
Microcomputer Systems 


Computer Boutique 
Atlanta Computer Mart 


Deicoms Hawai 
Integrated Circuit Supply 


Audiotronics 


titty Bitty Machine Ca. 
Moyer Electronics 

Tre State Electronics 
Spectronics inc 


Acro Electromes 
Quantum Computer Works 


Medford 
North Adams 
Waltham 
MICHIGAN 
Lansing 
MINNESOTA 
Duluth Northwest Radio of Duluth 
Eagan Dacom Amateur Radio Center 
MISSOURI 
Parkville 
MONTANA 
&ilhings 
NEBRASKA 
Lincoln 
Omaha 
NEVADA 
Las Vegas 
NEW JERSEY 
Hoboken 
Ramsey 
NEW YORK 
Albany 


Tufts Electronics 
Electronics Service Center 
Computer Mart inc. 


Fulton Radio Supply 


Computer Workshop of Kansas City 
Conley Radio Supply 


Айан Computer Center 
Omaha Computer Store 


Century 23 


Hoboken Computer Works 
Typetrarec Computer Store 


Fart Orange Electronics 
New York The Computer Stores inc. 
New York Computer Mart of New York 
Troy Trojan Electronics 
White Plains The Computer Corner 

NORTH CAROLINA 
Raleigh 

оно 
Bucyrus 
Cincinnati 
Steubenville 


Byte Shop of Raleigh 


Mead Electronics 
Digital Design 
Hosfelt Electronics 


Hershey 
Murraysvilie 


RHODE ISLAND 
Cranston 
Pawtucker 


SOUTH CAROLINA 


No. Charleston 
TENNESSEE 
Memphis 
Oak Ridge 
TEXAS 
Dallas 
Houston 
Houston 
San Antonio 
VIRGINIA 
Alexandra 
Alexandria 
Richmond 


Springfield 


WASHINGTON 
Bellevue 
Longview 
Pasco 
Spokane 

WEST VIRGINIA 
Morgantown 
Morgantown 


Microcomputer Systems Inc. 


Computer Workshop 
of Pittsburgh 


Jabbour Electronics City 
Jabbaur Electronics City 


Technical Services Inc. 


Sere Rose & Spencér Electronics 


Computer Denn 


Computer Shops Inc. 
Altair Computer Center 
Interactive Computers 


Sherman Electronics Supple 


Computer Hardware Store 
Computers Plus 
Computers To-Go 
Computer Workshop 

of Narth Virginia 


Алай Computer Center 
Progress Elecrranics 
Riverview Electronics 
Persona! Computers 


The Computer Corner 
Electro Cisrtiburing Co. 


et Up 
179 runnin 


S E 


with the Heathkit H8 8080 Personal Computing System! 


H8 8080A 8-Bit 


Computer ........... $375 
H8-1 4K Memory ....... 140 
H8-3 4K Chip Set ....... 95 
H8-5 Serial I/O and 

Cassette Interface .... 110 


H9 Video Terminal 
ECP-3801 Cassette , 
Recorder/Player ..... 60 


If purchased separately, *1310°° 


NEW! Microprocessor Course 
AND TRAINER 


Learn the operation and programming 
of microprocessors with our effective 
self-study course and trainer! 


ES Send for your Heathkit Catalog or visit your Heathkit Electronic Center. 
Schlumberger 


When you invest in a personal computing 
System, you want it to perform. So you 
need software. But putting a complete 
hardware-software system together can 
be difficult. Especially if all of the 
components are not designed to work 
together. The H8 computer, software and 
peripherals were developed as a total 
System. And we include the software 

(at NO extra cost) so you can start 
programming right away. Benton Harbor 
BASIC with unique statements and 
commands and efficient compression 
techniques lets you put more program 
in less space. The HASL-8 2-pass 
assembler generates efficient machine 
language code. The TED-8 line-oriented 
text editor and BUG-8 terminal console 
debugging program permit fast entry, 
editing and debugging of programs. 

The НВ" intelligent front panel provides 
efficient one-button program loading, 


*See listing page 34 


Circle 48 on inquiry card. 


and lets you "see" what's going on in 
the machine — in memory, in registers 
and at I/O ports. 


While the H8 and its software gets you 
up and running, our peripherals complete 
the "system". The H9 12" CRT video 
terminal is complete with ASCII 67-key 
keyboard, long and short-form displays, 
auto-scrolling, plot mode, cursor and 


.more. And cur ECP-3801 cassette 


recorder/player provides convenient 
mass storage for all your programs on 
easy-to-handle cassettes. 


All this, plus complete documentation, 
service support through the Heathkit 
factory or Heathkit Electronic Centers 
nationwide*, and self-instructional 
programming courses make Heath your 
BEST choice for a truly practical and 
versatile computer system that's ready 
and waiting for your commands. 


CP-134 


